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Thi' path'll w-nrk involved is w i ll 
within tbr capabilities of thr iherj^- 
hrginniT and the bonk is an pt.imu'il 
i3me ■! knowledge of radtn prlmlpb 
will develop ah he proceeds. 

In the Second bdltkrn tlm' ^v^nigc 
nl receiver ccinstrucLinn has been 
extended and primed circuit* haw 
been 6ncliulcd + A clupter on wh- 
m in intuit' re Leite ri Ills also been 
iddnl. 
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PREFACE 


W n tic preparation of ihi5 new edition the opportunity ii;i:i 
been Uilic-n to extend, tin? coverage of simple receiver cons (ruc¬ 
tion ^ ’lire origin itl scries of circuit dedjijis have been left un¬ 
altered since these are well proven in performance. In tine with 
modem techniques, however, it has been thought desirable 
In extend descrip lions to cover printed circuit as well m 
conventional “wired up" assembly, Thu : addittnnal material 
hui been included covering both the design and making of 
printed dreuit panels, and! also presenting component layout 
dingi tuns and printed circuit dentils for a range of the original 
.varies of sets. 

Sij.ce transistor circuitry' aho lends, itsdf to mimaturizitiDti 
—and a particular modem trend has been the development 
of very small all-transistor receivers—a new chapter has also 
been added on tub-immature recetwcfs. Virtually any of the 
standard dreuit designs given con be pltKluced in mb-miniature 
size by crowding or the component! on a ininutiurO-sbe printed 
circuit panel, iliis offering; an Iruemsting txerrisr in ingenuity 
to the individual builder. However, an additional receiver 
design has been added which wis specially evolved us a sub- 
mini inure type and is unique in its Conception. This is a 
Gjrnraereial design, produced in hit form, and I Am grateful 
to Ihe originator, Sismliur Radionics Ltd., for permission tn 
include complete! details ul" tliis outstanding receiver. 

Logical further additions would have been an extension of 
Coverage of transisfttf receiver design and const ruction to 
taiperhcri. However, a companion volume is available dealing 
specifiiuiBy with this subject TSr Dai^n and ConstmtHm of 
rtmsiilw $\iptfhrL\ [Museum Prisss) which it recommended 
as ■! "ihllrjw-rjn 7 ' book. The only OthsT addition to this present 
vulume, therefore, is a Further Appendix on receiver fault*— 

lfu 11 raiLH^s and cmr-s, tackled in an elmic-j i Luy manner. Mint 
So-iiJ l i , on (Tuple receiver circuits are or an elementary nature 
am do not need elaborate [ CSL equipment to locate and i cctifyv 
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Lup eh' it is » matter of Imowing what HO It*It for io 
finding—and this is tike sort of information included tn the 
new Appendix X- 

I fed that with th«e various additions the treatment 01 
transiitor receiver design and construction up to naperhel t>T” 
has been brou-ght right up to date and considerably emends 
the scope of the practical wort describe! 
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LIST OF DESIGNS 


The following ftesign* fully described :yt ecmatraclionat 
projects with sibmutic arid theoretical diagrams* etc.: 

Design no. E. A bflsic receiver: Fig. n—p, ag 
Design no. 2 , Triode nmpli£cr dcL'uit; % t8: p. 41 
Design do, 3,. Basic receiver with transtitor nmpLifier: Fig. a® 
—P- 55 

Design no. 4. Improved transistor circuit: Fig. 3:0—p_ j® 

Design no. Improved transistor circuit for weak signal*: 
Fig. 31—p. 60 

Design no. 6a. Design no, 4 with additional amplific ation: 
Fig. 3,2—p. 61 

Drsi^n no. 6b. Design no, 5 with additional anipliBciUion: 
Figs 33 and 34—p, 62 

Design no. 7. 1'ransuTOr receiver with loudspeaker output: 
Fig. 35—p. 63 

Design no. 8. 'I ransistor three-stage reflr.K receiver: Fig. 46— 

P- 74 

Dcsigti :io, p. Tramiuor four-stage redes receiver: Fig. 47— 

F* 75 

Design no. to. Sinclair Micro-6 jub-nitniflLure reflci receiver 
I'drvCcd circuit panel designs fori 
DHgn no. 3. Figv 65 and 67 — pp. 99 and lor 
Disign no. 4. l'igs, 70 and 71—p r 10G 
Design Li o. 5. Figs, 7a and 73—p r 107 
Design no. S. E'Lga, 74 and 75—p. in® 

Dr i ign no. 0. Ftgis, 76 and 77—p. :og 

Hi e Following additional designs are described together with 
arcuit digram*. cornpom nL values, etc.: 

IliijJc amplifier with nobiiw battery: Fig, 20— p, 4* 
b‘>uer .iinpltiii r with trknic valve: Fig. 2]— p. 43 
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Trinde deteeicriainpSifLtr: Fir, S3 —p. $ 

Anode bend detector: Fig- 14 —47 
tJ;uns receiver: Tig, 35—p« 413 
Three transistor T.R.F. receiver: fig. 53—p. 8* 
Simple regeneratnx receiver: Fig, 55 — P- ®5 
Msuna power pact: Fig, *i6—p. Ilf 


CHAPTER 1 


INTRODUCTORY 

Radio Li far from being- the highly complicated, ledmical 
subject moit people imagine it to be—unless you rnnkc it so. 
Hi.- basic prirtcipks of radio arr qLiice simple and straight¬ 
forward and the construction and setting up of elementary 
m-L-iveri ia well within die capabilities of anyone interested in 
[lie subject. It ii no more difficult than model-making and, in 
Hu-.t. follows a similar process of working from a pi an {either a 
schematic drawing or a circuit drawing, or belli}* although the 
materials and techniques We a little different. 

Or course, like any fuller technical subject* there are rules 
tn learn ond principle to master. While It ia quite posable, 
for instance, to build :* simple radio receiver and get it to work 
successfully simply by following printed Instructions and with 
no knowledge of radio principles at nil. knowing something 
.ihoi.ii radio principle themselves will enable you to get the 
bear out of every set. Also a knowledge of “how it work*” will 
be in valuable sjj looking for, and finding, faults which may 
have developed, 

, lt “ beyond tin- scope of this book 10 cover a complete course 
in radio principle and design. However, wc can tackle the 
subject or simple circuita in a comprehensive manner, showing 
how they can he developed and improved from the simplest 
poEHtbie receiver circuit, providing both a coutrae or practical 
instruction r n baste radio engineering and an understanding 
™ tlj ' ‘■irking principles and di-sign fnctom involved. Experi¬ 
ence gained in this rmumer will be the best possible background 

■•■I fun tier study, should the reader wish to pursue tile subject 
further, 

llie theoretical side is only touched upon briefly and simply, 
V CI T nc,l ’™ ac ‘y |l in order to explain basic principles involved. 
At Iiki aarne time descriptions of the working of the metre 
Complicated types, of receivers axe given in Chapter VlU to 
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complete our "background study**. It Ls not intended ihM ■Lh-c 
circuits given in this chapter be used as a basis Ibt practical 
work (Although the complete circuits given ore, in fact, true 
working circuits) unless tin reader has acquired a fair measure 
of txperlencr in amateur radio construction. An eacrlkut way 
of puntiing tills more advanced type nl‘ work, Incidentally, it 
by building from kits of parts ami hislmt don manuals put out 
by vaxiom farms, some of whom also offer alignment farilitiei 
with, regard to the completed receiver. 

As we have stressed* we are concerned with imbk radio 
receivers anil we are drawing on the la l cl. I in modem techniques 
in employing fnmjiKWJ in place of valves. There arc a number 
of reasons in favour of this—apart from being right up to date. 
Transistors make for simpler circuits, and ;i much more com¬ 
pact arrangement of components. A complete receiver with a 
performance comparable with a three- nr fbtiovalve set can be 
butll into a space not much larger than a cigarette packet and 
Operate lor long period* Ofl a single, small nnd ittcxpcmive 
battery. 7'rausisiors cut both complication and cost in receiver 
construction and operation and their very small me is 
another Attractive property to a degree quite impossible with 
valve receivers. 

However, in gain a proper understanding of basic prhiciplftS 
it is also Mcestsuy to study iimpfc valve circuits, particularly 
showing how the valve is used as Ah amplifier, For tliis rea-Mia 
Chapter TV deals entirely with valve circuits, building up 
stages of Eimphlicatinn around n basic (Unde detector and also 
explaining the- working principle; of the tliodc valve. Whether 
this chapter is used merely for study, or 0* a basis for additional 
practical work is up to the reader, if tie is ntnre concerned with 
getting J, rc 5 ults !t with a minimum of wiring trouble and 
avoiding the difficulties of drilling a m«ial chassis (a standard 
feature nf neatly nil valve receivers) to take the various com¬ 
ponents in a valve sef, he can skip this chapter as far as practical 
work is concerned and go on to Chapter V, 

In fact, from all the circuits described, a nnmbcr have been 
picked ouL both m LypicaJ of what can be done an d how :i basic 
circuit can be developed with th>- minimum of topertse and 
trouble in construction., elc. Thrac an: designated duign ho. J T 
dkrfgrt ’in. s, etc., and if folio vied through form a complete 
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practical Cdurw in basic radio, up tn Lhe production of a 
miniature bal**ty receiver which should he readily capable of 
loudspeaker ouijiut in areas of irusonabte signal strength. 

Ihese recommended circuit! described In [he following 
chapters (a loial of nine in all are fully detailed), follow two 
(Si- lirtet lines of approach. Starting with the elementary diode 
receiver, or “t-ryisCsiI set” as it is popularly known, this is dew. 
toped by modification of circuitry and die addition of transistor 
Stages* to the ultimate performance which can he expected 
from a receiver of this type. The basic simplicity of tin’ "crystal 
seL” is retained throughout, however, and so foil owing through 
the various development Singes described is an ideal introduc¬ 
tion tn the subject of radio receivers, all of which can be covered 
at a very moderate cost, 

l or further improvement in pwfonnanoe we must turn to a 
different type of baste circuit, which in the domestic receiver 
range usually mentis * tuned radio frequency (T.R.F.) circuit 
or a "superhet'' {superheterodyne receiver), Hath are consider- 
nlily more complicated circuits, rim.: superhet veiy much so, 

With tmuistfirj, however, u performance very much the 
‘■ m1 ' as that of j T.R.F. receiver can be obtained by using 
what is known as n “reflex” circuit rind this principle we haye 
adopted as the ho-Hs of die second series of receivers describee! 
in this book. Once regain we start with the simplest type nf 
mtlex circuit to give reasonable results and go cm to develop 
die performance stage by stage. 

^With either series of sets* therefore, the Cjonstructor can start 
wjih the simplest pcaslbic layout—which also implies a mini¬ 
mum outlay for materials and compcnetmi—and add further 
! ta#r, progressively as he wsintl, or can afford. Further detail* 
ingardhig specific design or operating detail* are given in the 
■■ ppendix for convenience of reference, since these apply to 
near y all ihe circuits.. Data included here may be used as a 
r*f“ f(7r possible improvement* of a given circuit* or open up 
■vdd'i lor further experimentation. Either will Add more In the 
ttoie of knowledge already gleaned of radio principles and the 
irr-an mi,, tries and proves {or darproves) the merits of an adifj. 

. '■na ftiture not included on An original plan, the more the 
mystery 1 lu radio drops away and the morn familiar and 
tic die subject becomes. As for as posable components arc 
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standardised throughout the designs and rartteol a minimum 
number of different types and values readily obtainable It 1 am 
any local r adio supplies shop. 

Apart from basic materials and components, no special 
equipment or ipeciaJ facilities arc required to construct even 
the most cLaborale of the receivers described, and all the work 
Cikn be done on the kitchen table, A few Look arc tantkl—tuoh 
as an electric soldering- iron, pliers and it drill—E jiu again 
represent only a minimum outlay, if not already avaflalile. 

Tli is, iri fact Li tBcspctiMve radio engineering, right up-to-date 
in that we arc dealing with transistor receivers and arc con¬ 
fined to the development of nmJ&Jf circuits., capable of giving 
satisfactory loudspeaker reception at a fraction of ihe cost of a 
commercial domestic receiver. If. as a result, you find thnt you 
have become an enthusiast, then there is plenty of information 
on more advanced type of receivers bj a basis for further 
practical work. 

If the reader is in duuht about the meaning of any technical 
term used in the text, there is a gins; ary at the ctid of the book 
starting on page 141, 
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ABOUT RADIO AND RADIO RECEIVERS 

RaOTO waves travel with the speed of light—1 £>6,000 mites per 
second—ami may have ranging from about 15,000 

cycle* per second up to 1,00^000,000 cycles per second or 
more, The Jrrtfwncy is simply rite number of complex waves 
generated by the source in one second. Fig, 1,. for example, 


[■-- &£ 5FXMS 



shows □ wave of to cycles per second generated in a ittigle 
dnectlotL In (be case of a radio Wave the frequency is very 
tnucli higher; also the waves are smt out in all direction* from 
the source, a characteristic of all clectro-magnelh' radiation 
(Linlcsj “beamed" 1 or constrained in a positive direction by 
suitable reflecting devices), 

Sound wavci are pffiiiift waves, travelling through air tyr 
[toy other mC'lium. The vetoeily or sound waves in air is about 
MOo feet per second (approximately 1 12‘5 miles per minute). 
The frequency of a sound wave is determined by the pitch of 
the original note (Or ''sound* 1 } and varies from about 30 cycles 
Ptr second (a very low, deep note), to nrDund ifi ( ooo cycles 
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per second, which is about die upper limit for audible notes 
put out by a radio- loudspeaker. 

There ii thus a considerable di(Terence in the frequency of 
radio wma compared with audible sound waves and also in 
the eAdrcrten'riifj of the two types of waves, which means that 
we cannot receive and hear a radio wave directly. For example, 
a radio wave transmitted at a frequency within the audible 
frequency range would still not be heard by the human ear, 
which responds only to prujart waves. 

Hence the job of a radio receiver ts, basically ; 

(!) Tn respond co a particular frequency or transmitted 
radio signal (i.r, In dura- in jpoclficalEy to this pujtkuliir 
signal)* 

(ii) To turn ilie radio fnu/utmj signal detected into a ooirr* 
sponrfi ng signal at a much lower on r/ro JnqwtTict {i.e. in 
» Frequency range which can be heard). 

(iii) To boost suJTiricntly the power of the audio j'n-fuency 
signal extracted for it to- operate the diaphragm of an 
earphone or the cone ot' a loudspeaker and so produce 
audible sound waves. 

In point of fact, the audio-lrcqucncy signal (speech or musk) 



originating at the microphone at tin; broadcast studio is made 
to vary the iimpfitudt, or magnitude of the radio frequency 
power produced at the tranuniUtr, giving what is called a 
nodulated radio jrtqutiiey “ahtmt*-—F ig, a. These modulated 
ranirn are still at radio frequency and when they reach a 
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re reiving aerial .^t up smaller voltage* or currents of exACily 
the same pattern, but with a very much smriLler amplitude, in 
the aerial, The pm™: to set up this modulated radio frequency 
current in the aerial is extracted from the transmitted radio 
wave itself through the process of indutlien (the property 
whereby a current flowing tn a wire introduces—nr "'induces” 
—n similar airrcnl flow in another oaS next to it , . Ii is posdble 
to work the whole receiver from these induced current*— 

which is die principle of operation of any basic "crystal Set"_ 

hut the power available is usually very, very weak, except in 
region* ul strung signal Itrength (e.g. near a transmitting 
station j, 

Such a basic receiver consists of no more than an aerial, a 
tnned circuit, a detector and a pair of headphones -see Fig. 3. 
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The function of the aerial Li obvious, from what we have just 
said. The purpCwe of die imwd irirewri is to provide a means of 
adjusting the electrical characteristics of I Etrr aerial circuit so 
that [j ii ii, tone— L -> r tn as it it technically termed— 

witti ihe frequency of 1 lie incoming signal wr wish to pick up. 

A luncd circuit consists, simply, of a coil ;tnd variable 
condrruer connected together. By altering the effective elec- 
Ln,; 'l valor of the condenser (i.e. by iu Adjustment) the 
^ttoruiat or “in nine” frequency of the tune circuit is altered, 
ii'ner by adjusting the condenser (i.c. operating (lie toning- 
control) we tune In by adjusting the resonant ffrrfiwncy of the 
C| .Ai:J circuit to equal that of the broadcast signal wv wish to 
receive, 
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There are two poisiblc ways of cnrtiwcling {lie coil and con¬ 
densers, either in series {end-to-end) or in parallel (side-by- sidt) t 
Riving rise to two types of timed drcuiu. With Llie cod and con¬ 
denser connected in ieries, it u known M an aec-fplar or series 
resonant dram; and with the coil and condenser connected 
in parallel (ns in Fig. g) a ftjute# or parallel resonant circuit. 
The Latter type oF tuned drcuit is by far the most widely used. 

At resonance, both OPClUt* have exactly the same frequency 
for the same component Values of coil inductance (Lj and 
capacity {Q where 


resonant frequency 


t 

w\'LC 


W* call best explain the difference between the two circuits 
by tm&lttillg their behaviour when a radifs frequency signal 
ri led into them, as in Fig. 4, and measure the outpiU Voltage 


t| 


sSMI nsvyttffr 



G—ViAV- .. .... „ ..O 

jL tit;: *( 33 K 


«wttiCi flraowvr 



Fm 4. 'L'W® lJiPTMfcifr ivrfu tir Tp.->nn Ciumin vra Tiiuh keiroMiE. 
11 = jurjjlrl rr-wiimn[ circuit b niiimnUv ttnplnycd. 


fay some suitable device (e.g. a radio frequency valve voltmeter). 

In the case Of the EericE resonant or acceptor circuit the 
voltage across 1 X 1 will fall to a minimum value as the tuned 
•dr-cult is adjusted; to the same frequency as the input signal 
(s.e. adjusted to resonant frequency). In the parallel resonant 
or rejector circuit, however, the voltage across LC will rise to 
a maximum when tuned to resonant frequency. In other words, 
the acceptor circuit select* fay giving out miiEtifiioH voltage at 
resonance .and the rejector circuit select* by giving nut 
maximum voltage &[ resonance. 

Applied to a radio circuit this means a maximum voltage is 
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developed across tlac parallel resonant tuned circuit at the 
resonant frequency to be trnnsrnitted to the subsequent stage* 
of the receiver. Other radio frequency signals.-of a different 
frequency (i.t. not at the resonant frequency of the tuned 
circuit at that particular adjustment) are rejected in the sense 
that <0 -ill practical purposes Ihey have no effect on the output 
voltage iilLbuugh, of course, they are actually present in the 
aerial. This also underline* the fact that it i* iamtiai to have s Q 
efltrient tuned circuit Coupled to the aerial, m that the receiver 
iignitl July be boosted (by tuning to resonance) to a level 
where use can be made of it in the next stage of the receiver. 

The next stage U the detector, which is basically a rectifier 
(» rectifier is a device which only pa«es current in one direc¬ 
tion \ it cuts oS one half of each cycle of alternating ctllTenI, for 
example). The detector simply dtop* off one half of the 
modulated radio frequency current fed into it (i,e, fair the 
wave form shown in Fig. 2) and puts out a signal current with 
a varying egetqgt value. This varying average value of current 
represents an wdiv ftnputtqr component which j:i an g&seI tapy 
of the original speech or music used at the broadcast station 
to modulate [be radio Frequency wave. 

The ba.Mc iction of any diode detector (a diode is a ger¬ 
manium crystal which allows current to flow in only one 
direction) « that of a rreti/br. That is, as vre have just sold, a 
device which allows current to pass through it in one direction, 
but will hot allow current to (low in the other direction, tj; 
lethnical terms, the rcsblsnice to current flow in one direction 
is very 3 r>w, whilst in the opposite direction it is very high; ibr 
all practical purposes so high that do revetse direction current 
will flow. 

Lvsi rl ai a faUetQT the purpose of the diode is to abstract the 
audio frequency ifzocikfaqpjr from tlie radio Frequency eattitt 
l 'eford pairing on to the test of the circuit, E,*, either direct to 
die headphones or to stages of amplification. 

Suppose w e consider first the case where an uwnvdakud radio 
frequency voltage (equivalent to a radio “carrier" wave) is 
applied [o the diode - which can be either a diode valve or a 
germanium crystal diode—the action is the same), A reristor 
is included in the circuit— Fig, 5—to represent the JW, i.e. the 
component to which the result of “detection 1 " Is to hr applied, 
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which would be the headphone; in die case of a simple ctrcuu. 

i'lie current pasting through the diode now Gonmti of uni¬ 
directional flow, the bottom half of each cycle of applied R,F. 
(radio frequency; voltage being chopped off since the diode 
offers very high resis tance to curreu t flowing in this direction. 



&n/T WffTVf 

Fat. 5- -DuLLum ot a 5 i >apt R-F, 


This chopped-off flow can be considered as having two com¬ 
ponents—an alternating current about a new average centre 
line (although not a true A.C. sine wave since the bottom 
peakr ore chopped of! square); and a steady direc t current 
component 

Now consulrr the effect of mutaiating the R.F, input, i.e. by 
varying itt amplitude as in Hg. G, Again oue half at the signal 
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is chopped oil by the diode bul the mrtantaacous average or 
D,£L component value now varies with the height or amplitude 
of the modulated halfwaves. Hence Llie D.C. component Es in> 
longer steady but itself given a wave form which duplicate* 
the pattern of the original modulation applied to tint carrier. 
This forms the sitdia frequency componrcH of ilu- rectified 
(detected) signal, mixed with the chopped-off radio frequency 
signal Strictly speaking, the final output ihrmigli the diode, 
and thus flowing through the load iraisttmce, now consiiti of 
three components: 

fi) a radio frequency compuurnl 
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Pi) a direct current 

(iu) an audio frequency component, "modulating" this 
direct current in on identical pattern to Lhnt of the 
modulation applied to the radio frequency carrier 
signal »t the transmitting station. 

By feeding this audio Frequency current directly into head- 
phcuies we can use it to reproduce the original pounds, although 
the actual volume achieved must inevitably br quite low. If we 
want more volume wr must amprfljy the audio frequency signal 
taken from the detector by Dnc, or mnre, stages ofamplificataon, 
as in Fig. 7- Depending on the degree of amplification achieved 
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{and any limitation! of the preceding circuitry}, the final 
audio frequency peswer is suitable fnr producing sound wave? 
through phones, a balanced armature reproducer, or even a 
loudspeaker. 

The performance of a dmple receiver udng a rrysfei dlnde fi): 
die detector is ]i mi Led by the characteristics of the diode, which 
:* worth explaining to understand why ,l crystal diode does not 
perform very satisfactorily □n vei^f small signals. If we draw a 
graph of this current passed by a eryslal diode against voltage 
applied to tire diode we get a curve like that shown in Fig, 8, 
Oil the positive (voltage) side the diode resistance decrease* 
with increasing voltage so that clui carve sweeps upwards. On 
the negative side the diode does at-< unify s i ell act as a conductor, 
hut one with high resistance. Tints i| will pass a Elite negative 
Current, which means, in eflect, that ihf alternating voltage Li 
chopped oFf a httle cm the negative tide below the lerc line. 

I br a rcafHimibly strong applied sigtml (j.t reasonably large 
voltage applied to the diode) Lhe diode is operated in the steeper 
pari of ;t 3 cui-v-i cm the positive side, so that the mean value of 
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current flow, or D.C, average component isHimes a reasonable 
positive value. If, on the other hand,, the applied signal voltage 
if weak, the diode is operating on a reLadvsly inefficient part 
of ihf poiilive aide curve and the equivalent ntgutivt Current 
Value passed on the other half of (he cycle may be almost as 



large. Hence the Value of the D.C. average component is very 
Small- In other words* the rectified output of the cryilil diode t s 
low if the applied voltage is low, which is why a crystal diode 
does not work !-adalactorily at very low signal levels. It means 
that every effort must be made to boost the signal level with a 
long aerial in areas remote from a traiUira Lter in order to "work” 
the diode on a mnre favourable part of its characteristic curve. 

In drawing and describing radio circuits,, standard symbols 
are used U a designate indluidipa] components—both fur sim¬ 
plicity and convenience, and. also because some components 
fc.fi. resistors and capacitmn) are often similar in outward 
appearance. Capital letter* are used to specify individual 
components, for instance.; 

R for resistors {resistances} 

C for capacitors {condensers} 

L for coils (indue raijcei} 
jD for diodes 
7" for transformers 
77? for transistors 
V for valves 
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Standard symbols used irv drawing (dreuitf are shown in 
lug. 9 . together with *kutd»i» knowing the tyjjfcal physical 
. L pprarancC of these component* (although actual shape and 
size may vary). 

j&ift jg? 


-^wwv— 

wsflrnrK' 



C-VHC/TV*/ 


II 


iKcnmrnc cow'sfr 


^vyvv- 

iwmnfjafjfljm 



WKJcBis tarn 


V 1 

Ol ▼ # 

B .’AnrunfCvT. O laws&tin AOUiL I 


___ , i&HC£.TfON 

' ^wmi ^ lae&vK* A2SfiAu tfnbrr 

Fid. f), Tvrltail KjiJhtO IVWfiUtrrt AS* SrAvr.AHJk Svwmij. 

RciLitnn—Syp- A 11 i]ic mwr wim .. v»li*r» inorfcnl 1 r t iJ 'iimL 1L.-1. 

i .^i^iuHin - |'y|* .t [pd.]Hd iwf rfd) or JV (wrJt tojlcii'l niiire in vilnei from ■ 
Crif hilCHlrfJ 11^1 Ui ■ fra mLi-i-iiliiOcil. Type C JlLlvrT lll.f-2. wi(ll VHX 

m a'.i: Tjiijff fttiM ] jili niuiil 11 ji u -a: mlLiabrad nmniiruini. LlHcratyliccoa* 
Jnilh' l'bi iii-Lil rJLni'c an yuLiiU Inina -9 mUlufarjd] up. .All (ulldHUET 

vijlua »rn inirttil ini [III! tk.nly. 

Tnuuiittin— nil r^rlkr i>mu Siavc <hs car.liinirnlicii ncii'ii. Uir collei-icv lewd br- 
>HK ir| jr’i- ii Crarr, llie odi«riwD. tn Lhc Inlcsl :yprj ilic tlirre kwfe titnigu *■ Ertim 
!."■ aimrn era majidli 1 . The tolkcior a cl:m Tn.iihcl with a wbicr or cvloucri 
■|i-i| mot In li, v. itl. (hi I. jx l!ic nurul of chi other two Irak to rh r collector. 
CtilJi—plain cciili ur dc*$i:ii:eil a A, a >vidi an iron cere <«*■ similar' u i). 

Basic units employed are: 

CanetU —measured in (J) 

Patattid fifet/im (voltage}—measured in Volts (V or £) 
ftesulAXic —tmeasured in fJAtar [&) 

Capatilati£t (capacity)—measured m FataAi [F) 

InrftieLiati —measured in }-{tiaits (M) 

Quili; often, En radio work^ these basic units are ulCOJfh- 
vcnieiLcly small, or largc t and the prefixed Kiln> f Mega-> 
MLlii-, Micro,, and Pica- are used in Such case*, with the 
following meanings (appropriate symbeds shown in brackets )i 
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Mri^j (Af) = otic million = i,000,000 (e.g, 1 megohm 

— i.ooo.ooo ohms) 
Kilo- (jT| = otic thousand = j,ouo fe.g, jdkxryda 

= 5,400 cycles) 

Mil]]* (nr) = one ihuuaandth - - — (c.g. a milliamps 


1,000 


Micro- {^1) one millipn tb - 


[, 000,000 


volts — 


i ,ejdo, 00 o 

Pico- (p) — one million-millionth 


-00a amps.) 

[c.ip 2 nhcn>- 

-Doopoa volts) 
I 


i ,000,000,000,000 


(c-g, 4 picofarads —* 


] ,000,000,000,000 
'ODOOOO000004 faradi) 

Capacitor (condenser) values arc usually marked On the body 
ofthfl component (except variable capacilora, which tire seldom 
marked with values). Fixed capacitor* may be of Lhe mita typf 
(J]at in shape, constructed of silver foil interleaved with thin 
mica sheets, the whole covered Willi a moulded a rid'or waxed 
ctLsinj;! i paper type (consisting of interleaved aluminium foil and 
WftXfid paper rolled into a tight cylinder, the whole then covered 
with paraffin way to seal against moisture); or crrtjmiirtype (where 
a small ceramic tube is used a.<) a diefecLrie and the "inside and 
ouhtide of the tube arc coated (0 act as the plates of the con¬ 
denser, the whole hieing lacquered to seat]. Cehfttnic types are 
restricted to Email values of capacitors. 

For large value*., fltdmhiir capacitors are used. This type nifes 
an iiluminium rod or foil plate in contact with borax in po.de 
or liquid form, housed in a suitable contain i-r. The dielectric 
is formed, by fKUring a direct current through rb* capacitor, 
after iissembly, and takes the form of a very chin film of 
a!Lttntniu.m oxide deposited on the aluminium piatg by elcctro- 
chetnu-.ii I action. Beta* the dielectric formed in ihl.i fashion 
ia so thin, very high values of capacitance are possible. Fhe 
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type of conn ruction docs, however, limit the maximum working 
voltage and electrolytic capacitors can only be used where the 
current flowing' through them can never change direction. They 
uniiJ be connected up the right ‘.cay round (negative and 
positive connection* are marked &□ the rise, or the positive 
end i- painted red). 

Reds ton are usually more simple in construction, consisting 
&r a short rod made from a mixture of carbon and a hinder fired 
in .in oven. To the ends ol this rod are fixed metal caps to which 
the two lead* are connected. 

Resistor value* are almost invariably marked by a, colour 
code, either with colour band* (when tin; colour* are read 
fir. end towards the middle); >of a coloured body, ti| and 



Fra. m 


spot (read ljody, tip, spot)—see Fig, in. The mraniltg; uf the 
colour code is the Game in each cose 
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Two Other coEamn may ol-to be found on rerittora—siver or 
gold. These are not read as pari of tbe colour code bm merely 
ahow ihai the tomponmi is made fo dose tolerances. Normal 
manufacturing tolerance on resistors is plus or minus in per 
cent of iu nominal value, A silver band Specifies a closer 
tolerance Of plus Dr mimui 10 per cent; and a gold band a 
tolerance of phis or mnmH 5 per rent. 

In practice, resistor* are not made to what appear logical 
values, c.g. 50 ohms, iof,i ohms, 200 ohm*, juo ohms, etc., etc.* 
but to what are known as pfwfttrtd values. That provide 
re-fLsociably small intervals between Adjacent value* and are 
actually planned on a logarithmic fcde. That it, (be next 
value above or bdow a particular dze represcnti an npproid- 
uintely cons tant diangi In resistance. Tfic preferred 

value range ia quoted En its entirety below for popular make* or 
small carbon If-Sislort. 

Vjliitn L n hJ.ii-' 

CD ca n pfl 1 ! *j J 3 ,jg 47 yl fid Di nm Tan ije r&j 2 ™ 370 «n schj. 

* 7 Q 5 Tm- 63 ti Oau ijooo (1 fcflnfcanl 

Vsl.ja In tl' ilinn TFifl) 

1 1m l'i 1'It B'3 3-7 3-3 j-j} (-J yS fi ll ll a ■(, || J5 ,0 ** 

5 lj 6 K Hw C 3 U 13 a 1 Un a jo 'in, jy, jyo fir, yt, fitW Ban r.ooci 

Vxluti In irvrErJSiru JMify 

1 in l-l afl = i *- T n j-g 4T j-e fj.fl hi iz 13 lit aa 

Armed with this informiicion it Ls. then a straightforward 
matter to translate circuit drawings and component specifica- 
lioni. A* fur ms possihle, too, ail the working circuits described 
in the chapters which follriw are laid out in the actual cOnitrur- 
tion iiq » similar sen.w: to the circuit drawings, although separate 
schrriuuk drawings are given ai a further guide. Whilst it is 
possible to work entirely from schematic drawings -and 
definitely easier for anyone with hC previous experience of 
practical radio work — it is neommended chat the habit be 
encouraged bath of relating a schematic drawing In the appro¬ 
priate: dreuit drawing, and eventually working mainly off a 
drcun drawing. Outt familiar with the reading of a circuit 
drawing, for example, it is far easier to work from this to check 
a circuil thin endeavouring to trace po^ible wrong connections 
from a schematic drawing, 

i\s a typical example to illustrate the difference between 
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the*C two type* of drawings, take the tuned annul previously 
diffused, %, I 1 depicts a tuned circuit bqffi a* a schematic 
drawing (right) and a circuit drawing (dsc inter using standard 
symbol*), tin a complete drawing, values (or specifications] 
for L, Ci and Ca would be given. Other stages added to the 
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tuned Circuit fe.g. as in Fig. j a} are gerwally more cwy to 
follow on the circuit drawing, parriculwly for checking 'the 
overall circuit. 

The purpose of a schematic drawing, or a Layout drawing, 
is to irnn'.lale the circuit drawing in terms of physical layout 
of 1 he various components. It can be dispensed with where the 
circuit is simple and (he constructor has enough experience to 
appreciate how to lay out the various components In an 
orderly, cadent manner. Ou very much more complex circuits, 
thr- position of certain component* may be quite critical and 
the layout may have (u lie planned fur minimum wiring length, 
etc,, which is rather another muter. With the sets wo are con¬ 
cerned with here we can say tat Once the builder has learnt 
to work from a circuit drawing only he has established himself 
ns having a good practical knowledge of basic radio engineering, 

Tito other basic skill required « a certain dexterity in the 
use «f n soldering iron :*.nd the ability to make strong, perfect 
suldcred joints neatly and efficiently. Whilst an untidy receiver 
may work ns well as one neatly constructed, untidy workman¬ 
ship n often had workmanship—and a poorly soldered connec¬ 
tion may be a bad joint which will give trouble later on, or 
even prevent the set from working from the start. 

Only hu electric wldeting iron is really suited to radio 
construe tap preferably one of the smallest size with a pencil 
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bit. The cwo mo't important (Jung* iiboul making a good 
whirred joint nrc a hot iron and ii “rimed" and/or dean 
surfaces io be jointed. 

1-lmi a word iibenat the working temperature of the iron, 
Weiifly all electric soldering irons are designed lor operatkm 
on J 30--2 5 O valts nnucu, If the actual supply voltage ii less. than 
mo vtilli, then the iron will never get (wt enough for satis¬ 
factory itiidering. Yont HRi voltage will be marked on your 
electridiy meter, or your local electricity miihority cm give 
you ih.it information. You wut have an electric iron to suit this 
voltage—« in an ex ere me CMC nr.e a transformer (0 boost the 
supply voling? Lo the specified voltage of the electric ihMtr 

All wiring is normally done With copper wire, of preferably 
tinned copper wire, A tinned surface solders more readily 
lhan bn, re copper. In the case of insulated wire, the bare topper 
end exposed lay stripping off the inflation can be tinned by 
laying on the poirtl of a hot iron and then touching with solder. 
C'icfltt, bare copper will always tin readily by this method. If 
the surface is greasy or dirty, the wider will not L, nnT properly, 
hoc aiick to the wire. Enamel insulation on wire* must, of course, 
be scraped off before aunnpting to solder. 

Even a tinned surface will not solder property if it is dirty 
of greasy; ynu should particularly watch tags on eondenBcra, 
Eeudl on resistors or capacitors which have become dirty or 
greasy through handling, Qewiing of these Surfaces can easily 
be drsTin: by scraping tightly, or rubbing with fine emery paper. 

Ufidxt tut ritnirastfliKH- iftMid tin atid-lyfx jftjx be wed fat tltrtncal 
xiifring. In fact, no flux at all lhonid be required oilier than 
that iilrtady contained in standard resin-cored solder supplied 
ns ;i standard material for radio work, A clean irArt, hoi enough 
to melt i be lolder at a touch, clean surfaces 10 be joined, and 
rcsin-cOfed Bolder should cope with all reqtiirem.cn u. 

It will usually pay anyone not experienced, in soldering to 
practice jouring spare pieces or wire and odds and cndi until 
probdriq at making a neat, simng joint efficiently and quukfy 
Componcnti may be damaged by long application of heat near 
them when completing a joint. The noncet technique is to 
ii pply the tip of the iron under the paru lo lie joined, and the 
solder to the opposite side. In a matter of a second or so the 
joint area should hovr? heated, up enough rir Lite snider to run. 
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when the iron can be removed to allow the solder In rool off 
immediately :>nd oomph-u: a gor*d joint. 

lit certain eves it may he necessary to use one htnd to hold 
a component ur wire in position whilst soldering when a olob 
of wider may June Id be run on Lo rhe dp of die iron and 
ciirticd to the joint —leaving the iron in place just long enough 
fur die solder lu run over the joint properly. Both techniques 
are worth practising—and practising again—until you are 
[honvugldy proSdcot at them. An old terminal strip, which 
vuu, can purchase for a few penC« h makes a good practice pt«c 
—syldjjring wires Lu each tag, in turn, and (lien Liming each 
joint JJith a redly good joint yuu should never be able co pull 
the vSf ol f the lag—the wire itself should break ufF if you work 
it up iiid down, rather than die solder joint full. 

Your bade tool jdr should also include a smiil! pair of ride- 
cutting pliers (used for rutting wire nnd ulso For stripping 
insulation); a amalJ pair of pointed nose pliers; a small screw¬ 
driver; and ii small hand drill with a selection of twist drilia 
(used for drilling chassis plates, etc.), far cutting Faxulin 
sheet Lu sirt for cl i ami plates, a Junior-size hacksaw will also 
be most useful. 

Component! required for (Lie construction of the individual 
sets are fully listed in the captions with each design, A certain 
amount of stock material wLLE accumulate, such as tinned 
copper wire for wiring up, titering for iruuJutiou purposes, 
small screws, nuts and bolls, wider tags, etc.; or you can buy 
rather more of these than originally required as they will 
always come in useful for future work. Most of the other 
materials which may be required fit .to time 10 time ran usually 
be found about the house. 





CHAPTER HI 


THE SIMPLEST TYPE OF RECEIVER 

Tun simplest tvpe of receiver consists only of a mim'd circuit 
and tlHeclor, feeding audio frequency power into a pair of 
headphones as explained in Chapter II, It Operate* entirely 
on the ]rower of the trtnimitted radio signals picket! U]> by the 
aerial, BO requires no battery to operate it. 

Since the aerial signal strength, even when lire tuned circuit 
is in resonance, is probably Only of the order of a few millivolts 
(one millivolt = one thousand III of a volt), there is obvkHIlly 
very little power to play with and H) the performance of an 
eJemenlnry receiver of this type is seldom very good. Neverthe¬ 
less, by employing an efficient tuned circuit and a proper 
selection of components-it can give quim satisfactory headphone 
reception and pick up quite ;i number of dilterent stations. 
Much will dept.rid upon locality, i.r, how far the receiver is 
from a particular transmitter. The nearer 111 * better, obviously, 
for maximum signal .strength.. 

In some ureal reception may be very prior indeed, to the 
point of being iri.un.UhLe tuned to any broadcast station. In fact 
Iherc are many areas in die British Isles where no bade set of 
tliis simple nature wiLL pick up any station at good listening 
Strength. There is Milting that can be done about this; it is 
just unfortunate. Howrvcr the cost involved in the construction 
of a basic receiver is relatively small and id the lovt involved in 
juch cases is not very great in tenrii of until, It should be 
emphasised, however (bat the Jact that a simple basic receiver 
does not appear 10 work dota not niTf ■IfTIj' irnan that the 
nnui concerned is dead as liar as signal strength is concerned, 
f| may simply mean that more attention la necessary to getting 
aerial and earth rigged up. The limitation* of the diode 
as a detector at low voltages has already l*c:n explained in 
Chapter I. Further, stations which would not otherwise be 
pitted up even with a good aerial system may become audible 
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wilb a slight modification of the circuit (lee design no. 3 
described later). 

Tint circuit diagram For the basic receiver [rftsign ms. r) is 
sbown in Fig. 12. L and Ci comprise the timed drcuit. The 
aerial Lsconnected to a tapping paint l» on tlie coil through the 



I'M, 11. rent 1 —a billh.: hfcmvn. 

Ci—jtw pF mica tv-rmiin-v- nin ErLmoiEr, ct DqyKTlmt 
Ci — 22 C- pb" 

if—GEJG GFXsi KimBHitiim 1 -rtMBl diode [on Etft 0010*) 

L — 50 siim ■WBiind coi] mi Fn-nv,-tihe Bo aerial reel (»^ b'J|- J3 and lest/ 
ptnir. high rcsulaun phene* mi!'! Uc used, 

capacitor C2 , To the same point is connected I (U) to act 
as a detector* pawing audio frequency current on tn the phones. 
The return circuit connects back to the tuned circuit, this being 
ihe eurthetl tide of the receiver (physically connected to a 
ini table earthing point, if nCWSHiry, to improve the aerial 
efficiency). 

Two Other components are n[to included in the complete 
circuit—a capacitor (Cs) in the aerial, and another capacitor 
(C3) ftCTOH tilt phones. The function of the cap»dtor across 
the pliprn h ifi to act as a filter or "by-pass" circuit, fiir the high 
fradio) frequency current which passes through tlie diode. 
The ciipriCitifir thus integrates or averages the balTcyde pulses 
of radio frequency energy. A small capacitor represents a 
cvndudiut path (hr high freq iienricfl, but blocks lower frequencies. 
Thus all the lower (audio) frequency 1 urrent is directed through 
the phones. 

The function of the capacitor in the aerial is Icai obvious— 
Ltt fiicl it {of even the whole aerial) may not be necessary at ilL 
It I* 11 found, however, that capacitor-coupling of an 
etlrmal aerial in »hh manner im proves reception on certain 
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stations by git'iny; better selectivity OF Siaiion separation, 
particularly in rhe medium wave hand fop which. range cbe 
tuning dreu.it is usually designed (see Appendix I}. Hie values 
of Ct and C3 tire determined from ftxperience and are, 
typically, 

C$ =r 220 pF 
Cjj = ’OO] pP 

Disregarding the effects of the locality in which the mi fe 
operated, the performance of a reviver of this typo depends 
on Ihe rffectiveoesa of its aerEa] md the efficiency ofitJ tuned 
circwil, A majority oP designs, purely on the score or keeping 
Mil down to an absolute minimum,, luc simple wound coils and 
ft inning condenser inherently subject to high losses. For a 
matter of only another two or three shiilingji high-performance 
components can be used Fir both these vital components in the 
limed circuit, with a consequent bench I tn perEcnrmaiuie. 

j \13 this means, in Fict, ia avoiding the use of 3 variable 
condenser with a PaXoIin or similar dielectric material and 
instead using a mica compression Iriminer (-or an air-spaced 
or ceramic type variable condenser of the required capacity); 
and the purchn&r of n ferrite rod on which the tuning coll is 
wound. 

Winding TiTE Tu.yInu Con. (see a bo Appendix 111 ) 

The stages in making the inning coils are detailed in Fig. l,j. 
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lhr hnt thing to rlo i- rnnke ft paper sleeve Imm gumstrip to 
At chicly over the fi L rriic rod. Cut a nne-ineh length of gum- 
strip, moisten and tv rap round the rod, a; ihown, with the 
gummed side upptmmL Now add about another half a dozen 
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wrappings of similar length ol gumstrip over the finst, tills time 
with gummed side {town to form a reasonably rigid tube. Make 
sure that ihe paper lube is a riufljyr fit on tlir- ii Trite nod and 
leave to dfy thoroughly (preferably removal from the rod so 
that It canned become stuck to- it), 

When ihe paper tube Is quite dry it ah Wild be rigid, when 
the coil windings can be applied. The wire U> be used is jB 
s.w.g. enamelled copper wire, nr preferably 3ft s.w.g. double 
silk covered wire—the number g.R referring to the actual 
diameter size of the wire according to the slandardwire gauge 
(s.w.g.). 

Starting about ^ inch in from one end of the paper tube, 
wind the wire carefully minttl Ihe lube with each turn tight 
against the one before it until 16 full turns have been com* 
pie ted. Then make a loop In tin- wire, eis shown, and carry on 
winding, with succeeding turns touching, until 50 turns- In all 
have been completed,, Tine two loose ends of thi- coil (the start 
and finish) c^h be secured with a dub of scaling wax wEiibl Lhe 
projecting loop carl be twilled together -.e.g. by putting a pencil 
through die loop ,md twisting up), Cut off the loop, leaving 
ahout jj inch protruding from the main coil, bare ihe wire ends 
and Bolder together. Thia forms point 2 on die eoSL The suvrt is 
potni i, and the end point g—the nuLubr.rj referring to the 
circuit ditgrum. It will be easy to remember [hrs-c without 
marking since the tapping point (a) cottWS much nearer nne 
end (1) than the other {3). 

This li, the only component to be made. The remaining 
items an; purchased to the specification given in the shopping 
list, leaving only the chassis unit to be Mu mbled rendy to take 
the cciEinpunenta. 

Tice ChaJSU Unit 

Pdaaffa sheet is recommended for die clitoris material, diis 
being u rigid, tough material with good insulating properties. 
A number of other materials with Ln.wils.tjng properties could 
be nwcl, such os Perspex (more brittle and less easy to cut and 
drill rlasri Faxolin!, sheet plastic (usually subject lo warping 
and not always with good inButadng pnperlitjl}, or even ply, 
haLia or hftrdbdard. Bu t since nur aim is to become competent 
radio nighicd!, let us stick tn radio engineering B tfll erinh. 
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The sheet Pajuolin should be tut Id lie size given in Fig, (+- 
Thil i* appreciably larger than liiaiL necessary to accommodate 
the components for line ample rKEmr, but is designed to cake 
[be further stages which may be added to improve pcifonuaiwe 
{tis described in later chapters). 
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Now mu rk the position of the botes demite d and drib tltQf 
out using a ifiG irtei diameter drib, The haste chassis unit is 
then oomptcird by bending and lilting the three t& 
linned copper wires which net M bill bam as shown in stages 
I and 3 , and also the (wo spring dips to lake the aerial rod 
{st;ige i). The ends of the wind are simply bent at right angles 




TM» h lit HXrtkl -IKi.-rliN. wnnl.lr U* Ul^EUI 

ll[|,Lni|jh iliunlm'ir rsf Ihr hi.i.ln d TCCnvrr IZWt bf rlilliildr. N->ir rtir '1^ III' 
hudlpMler LUilL plulir i aliilliLL. 

fid ft,VI • N'’;ir. liilv umilflln* rini|' ■ iillSl" H ■■ lb 111! nial'.in- !l JJI6Hr"r 

CFMivHS, but ipocirR a* i wra lmrb» ncA , w JS h 

•implr .Ir-ii.-- ThumI rwnprmniiii ne> id.-n > "'I bv i.,inil*-r-. • • tlenroRj'« 
ruimiil •![-*; ViTinfclf .r.vqilf rrwr. J. -Ch Til O"! \ L CMUl Jit" - ', ■■- 1 fl"■ 

iiurcl m Hip-rhrl dmJlM , i> K-mLk't: 7 b-'-' 1 ••U'*n«nr., U. RcrrUr t,h 

D'.ixiilti ctiahvil. 
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at each rnd, pushed through thr holes. in the bin* and then 
turned over to lock in place. The Spring clips arc anchored 
with sel Mapping screw or small nut* and bolts. 

MauNTlTra the CoMFOSEJi-n. 

tlnlurge the hole fcr Ci, aa necessary (e.g. by twisting a kmi/c 
blade or the tang of a Eilc around in the drilled hole) until 
the variable condenser (Ci) iviil fit snugly, then secure by 
tightening up the nut On the top of Lhe Faxolsn panel. 

’The diode (J>) can then be soldered Mma- die gap between 
the short and tong lengths of bos bars on one side of the base, 
mating sure that the end of the diode coloured red i t or rnacked 
H-) is joined i» the long bus bar* It is important that the diode 
be connected the right way round in some liner circuit*. 

Capacitor Cj is soldered across the two main but hart, as 
Shown in the diagram {stage 4). Cut the lead* fairly short so 
tlsat this component can be mOUflied neatly flat against the 
base place, turning the ends at right angles to solder to iht 
bus bars. 

The wire lead On one end of capacitor Cit is bent down at 
right angles, pushed through the hole in the bai* near the end 
fjf the plate and turned over underneath to bold the component 
down hr ml}-. The lent! which comei out by the short bus bnr 
ri soldered to it. The Other ia cut off and bent around the edge 
of the chassis, as shown. 

The aerial rod wiLlt in coil mounted on it can now be 
mounted by inserting in the -spring clips. t’ccl le^d 1 is taken 
acro«i to solder to the long (negative) bus bar. Lead 3 is 
soldered to one side of itie variable condenser (C/)- Neither 
or these leads must be cut short. The other terminal of Li u 
connected to the negative bni bar with a suitable length of 
tinned copper wire. Finally use a i inch length of die same 
wire as used for winding the aerial coil to connect point 2 on 
the coll to the short bui bur. 

Other connecting point* arc then M indicated, lhe pho2;> 
connect to the two bus bar end; on the right—marked I'i and 
&2. An external aerial. If necessary, connects 1.0 point A. An 
external earth connection (again if necessary) connect* 10 
point E. I inaUy, Fit the knob to tbe variable condenser spindle 
so that the condenser can be adjusted for tuning, 
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Ln areaiof rtltJOg wgnal Urcnglh, no External aerial or earth 
connections -■]iOu! d be necossiary. In other words, the set should 
wort a.i ii i-, after adjusting. Performance will, however, be 
improved in any area by arUuhibg an ncH.il wire, which can 
be any Lhisi wire (r,g, us mg the same wire as Jar the coil 
winding again), An aerial length of up to [ba feet may prove 
advantageous—the longer the aerial (up la this figure) the 
better, provided it u led away from the receiver to as idgA a 
p^nnt as ptU-iible, 

An earth connection may further improve aerial perform¬ 
ance, Fy Mn earth connection we mean a connection to uomC 
conductor pcmdrely in contact with the ground (and preferably 
buried in the ground). A water pipe is an excellent earthed 
conductor. Thus if an earth connection is found w tie necessary 
(or you want to try one to see Low performance is .i[fceled) f 
connect a wire from paint E an the WCCiver W n convenient 
water pipe. 

Ttiis question of getting a good aerial mid earth is a most im¬ 
portant one in areas of poor signal strength. .As a general 
rule, increasing the aerial kngih irriproves its efficiency, hut 
only il' this length ts ured in (he vertical direction—he. the 
acrid must be taken up to at high a point as possible, Linking 
up to a television acrid i.i ufien a good plan, since IV aerials 
are usually mounted high tu possible. If bare wire is used, 
it is atio Important that the upper (free) end af tiLe aerial is tuol 
made fast to something which could produce aneartii connec¬ 
tion (r.g. a tree, which could be an earth connection, if damp); 
or at least is suitably insulated from such a support, String i 
not a cl edicirtlt insulator. That, too, can. conduct when wel. 

Quite good multi are often obtained by connecting tc* die 
spring* or a bed a* an acri.il, in which case an earth cci miration 

uscnlly (accessary. Sometimes, too, where cthej attempts 
have JiiLted <o yield a. good signal strength in dm aerial, con- 
ciecticig the turint side uf die tuning coil lo a good mttA (a water 
pipe) can produce better results, the normal earth contievitfon 
bring led olf, 

Sbttwcl up tice Krk&cvep. 

Screw down the tuning condenser Ci (or turn to fully dose 
the vanes, as, appropriate) And then back off about hah'a turn. 
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The ticciing coil sho-uld now be slid up and down the ferrite rrvd 
(which la why the coil lend* were left lung to give the necessary 
feeedutrt of movement) until tht B.iktl, Third Programme is 
heard. (Check with the R<ufo> TfflWJ or a daily paper that this 
programme is broadcasting at the time you arc trying to tunc 
into it. If you get oo results!) 

It may be necessary slightly (0 alter rbe adjustment of the 
variable condenser to tunc in to lliis programme. Also, because- 
of the ferrite rod aerial the set will be directional, Th.it b, (he 
signti strength received will depend to sQim; extent on «he 
direction in which the aerol rod is pointing, so turn ihe Set Lo 
pick up maximum volume. 

Having raids! is bed the best position of thr tuning coil On the 
rod to receive rite Third Programme, its the coil permanently 
to the rod wi th a dab of sealing wax. Yon should then find it 
possible to tuite in iu further stations by altering the setting 
of the variable eonctetuer—e.g. typically the Home Service in 
about the middle of die condenser travel and the Light Pro¬ 
gramme towards the Other end—see Appendix 1 , 

If there is a complete lack of response, chcct for faulty wiring 
up. A more likely cause, how-rvi-r, is lack of an external aerial 
or earth connection in im area where these are strictly necessary 
for adequate reception; Of art inrlbcirnt aerial (too short, or not 
high enough) or poor earth connection (bad electrical contact 
to a good earth poiut, or connection to a. bad earth point). 

Another possible cause of apparent failure may be too much 
outside noise entering the car so Ihal it is impossible to detect 
Lhc very weak radio sign.il as il is being timed in. Headphones 
are possibly better than a single dta Laid type of earpiece in 
I his respect, but in any case n i-'.illy quiet room is virtually 
essential Jbr initial setting up Find timing adjustments, ALso 
iT your adjustment of the tuning control i ■ roo wrai, you may 
tnisi the setting for the station you ter looking’ for completely 
without realising it. 

Reception will also Lend to vary wish weather conditions. 
Some days it may be good, at Other limes so poor that what was 
nonnally n strong station is hardly heard at all. The simple basic 
receiver has many limit ItkxnS, but teice It costs very little to 
coruirurt and nothing at all to operate, these must he regarded 
as inevitable. Yuu IjiiYtf Jittetttecfcd, in fact, in mattering one uF 
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the bask principles of radio in receiving any one station nt Jl 
at a strength which is audible. You have taunt, in fad. io 
extract electro-magnetic (radio) energy Out of the ether and 
turn it hack into audible Bound under ;i ptalf-nLswl picked up in 
your aerial of the order of only a few thousandths of a volt. 
Having learnt bow to capture that radio energy there are ways 
and means open to boost or amplify it to improve the perform¬ 
ance Of the receiver. 

Meantime shi re are further experime n ts you, can try even 
with this simple set, such as designing and winding different 
coils (sn Appendix I El); experimenting with different aerial 
lengths and positions (try attaching the aerial dirccdy to point 
se on the tuning CO)]—he. 10 the short bus bar—instead of 
putting tftFough the capacitor Cf}; disconnecting Qj to see if 
there ia any detectable difference in reception ■ and so on. 


CHAPTER IV 


IMPROVING ON THE BASIC RECEIVER 

In I he simple diode receiver descri bed in Chapter 111 the volt- 
ages involved are very small indeed, w that it is possible only to 
receive the strongest local station?- To obtain A reasonable 
amount of audio frequency power it is necessary to increase 
the mpiitude of the signals pilling through the resolver, i.e. 
by adding an audio frequency amplifier stage. Actually there 
are two types uF amplifier stages which may be involved—an 
audio frequency amplifier to increase the amplitude of tin- A.F. 
voltage; and an audio frequency paten - mnf/tijier or ar ilfa! stage. 
These differ slightly in design, bo we will discuss them both- 
The basic amplifier used in radio ducuih U the iriodf which 
coiidsi?, essentially, of three elements enclosed in an evacuated 
ghns "boitle". The Central electrode is it mean-like structure 
called the wnlrol grid, or just the grid, interposed between die 
cciiWs and the anodt. By applying voltages to the grid { actually 
a potential difference between the contra-] grid and cathode), 
the (lew of anode current (between anode and cathode, when 
the valve ia acting as a conductor in the circuit) can be cim- 
tro]]ed or varied over a wide range. A comparatively small 
change in grid voltage can cause a big change in anode current. 
Two types of triode are shown in Fig. LJ, Hath arc the same 
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in (unction hue in one ease the cathode is directly lui-aied 
(connected to itit' bw tension battery Of voltage supply); and 
in the other it is indirectly heated hy a i+cparatc element culled 
the heater. Most mtiins-opcraled valves of modern type rue 
indirectly heated, the chief advam age being that with die beater 
isolated from Iho re-;t of the circuit, aliemntiag current tun he 
applied for heating mthout causing hum which would other* 
wise be present if the cathode were directly heated hy A.C. 
Directly heated Valve* are m rally used in battery receiver** 
where the voltage supply ih D.C. and no question or mains 
hum arises. This also accounts flir the fact that a battery receiver 
will operate almost immediately i[ is switched Oh whereas a 
nuiint receiver,, with indirectly heated valve cathodes* requires 
a warming up period for the cathode to be raised m its operating 
temperature hy the heat of the separate heater coil; 

I ho uction of a triodi i-an he explained quite dimply. In the 
CMC Of a simple two-element valve (or diode) the vnive become 
U one-way conducting clement as far as electricity Is concerned 
by the fact that the lilaimtnt or cathode is heulcd up to give att 
emission of eliectrodeSr These freed, electrode* (being negatively 
Charged;, ore attracted to the anode clement, the IW of elec¬ 
trons in tliis direction being equivalent to a flow of electric 
current from anode to cathode (positive to negative) through 
the valve—[this » shown as dotted Vines in Fig. tfi), Thus, 



depending On the size, shape, and construction of the valve, 
for a given high tension voltage there will be a corresponding 
mode current flowing through this circuit. 

The inode valve, connected iu thb manner, will have a 


HI PH OVIK □ OJf THE isaic RECEIVER ^ 

similar pprlGriuaneB. The current Sow ssdil nor he quite aa high 

for an. otherwise identical valve construction,. for the grid will 
oiler a certain physical barrier to the flow of electrons and thus, 
elfcctivrly, give Lhc valve a slightly higher internal resistance 
to current flow. 

Now consider what happens when a w^olliH potential is 
applied to the com eg I g rid. The grid being negative with res¬ 
pect to the cathode will ttpei. electrons hack towards the cathode, 
and the higher the grid (negative} potential, the greater this 
effect will be. If l hit grid [negative) voltage is smalt, most of the 
electrons will continue to pa* through it to the cathode, llui 
the more the grid (negative) potential tl= ittoreSMd, the: greater 
the number of electrons which will be held badt. 

'I’hus the a node eurmi will vary directly w‘t(h (lie untOUnt 
of grid [negative) voltage a small vduc of grid [negative) 
voltage giving a small reduction in anode Current, nod no 
increasing grid {negative) voltage a. correspondingly dri;revising 
anode current. If the grid (negative) voltage is increased up to 
a ce rtain point till the electrons will he repelled and the anode 
current will drop to zero. The value of grid potential at which 
this occurs is known as the mi-ttjf point for the valve. 

This reduction in anode current with increasing grid [nega¬ 
tive) voltage is shown in the graph, which is called a charac¬ 
terise] s; lor the valve. It will, of course, vary for inodes of 

dirZerrni design and construction, but is always a straight line 
(or very nearly so) over what is normally the working range of 
the valve. The effectiveness of the grid in controlling the anode 
current can be expressed hy Lhc slope of this straight line—c.g, 
in levins of niJlliumps anode current change per volt (grid 
negative potential)., This value, with the standard unit of 
milliamps per volt, Ls called tlie tuiihW camltutanee of the valve. 

A further important figure extracted from the characteristic 
curve ts the .iJTipfrjiuvrb'Mi factor of die valve, or a measure of how 
many limes Lhc grid is better than the anode in changing the 
anode current. This Ls found fay plotting a point or points at a 
different erntde voltage (high tension voltage] and comparing 
the difEerenec an anode current produced by this voltage 
change with the amount of grid voltage change required ro 
give the sana anode current change on the Origin .1 curve. A 
figure of around ao or 30 is quite common, i.e. (lie grid is 
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ihat number of limes more effective than the anode in changing 
the nnode current 

Yet anolJier factor of significance is the fnimra? mirtantt or 
anottr cinrni wifi/wt of the valve—which is Hot Lhe anode 
voltage divided by the anode current. It is computed as the 
in anode voltage divided by the <hnn$i in Anode current 
which it produces. Internal resiilaDCe, amptifietutoQ factor and 
mutual conductance are all related: 

Amplification factor = mutual conductance X internal 

resistance 

Knowing any two of these factors, the Other can easily be 

calculated. 

Mow to put the triode vtdve tn worlc. as tin amplifier. First, 
it is necessary to apply a negative Accii voltage to the grid to 
ensure that whatever the variation in inpuL voltage also fed to 
(lie grid the grid voltage always retrains within lhe "straight 
liiv'' operating pirt of the charoccerittk curve. Also it is 
essential to ensure that the grid voltage can nevrr become 
which might damage the valve through an cscesively 
high anode current being developed,. The grid bias voltage, in 
fact t just dtH 3 what the tenia suggests—W jtsm the valve to 
remain within its normal operating limits at all times. 

A varying input signal nuj,n;rimptHcd on this bias voltage 
will now cauae li corresponding variation in the actual grid 
voltage—n,:e Fig, 17. This, in. turn, will call??: variations in thi- 



anode current flowing through the valve. This lotter change 
also means that the anode ivita?t must vary Accordingly and 
becaisse of tbc amplification effect described above, the ultimate 
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change in anode voltage (or output voltage) will be a very 
much amplified version of the original alternating voltage 
applied to the grid. The actual degree of amplification achii Veti, 
Le. the ratio of the output voltage amplitude tn the input voltage 
amplitude is culled the £arrr of the amplifier circuit,. It will 
always be lea than the amplifies dan factor of the valve itself, 
hut may approach this figure il'tlic anode load resistance is high. 
Fig. 1 3 shows a practical triode amplifier eircutl ns-. 2} 



using a DLyt (or equivalent] valve connected at a Iriode {sre 
Appendix V), applied to the basic crystal diode receiver 
described in Chapter III. The resistor Hr lakes (lie place of the 
headphones on the original receiver to act us a suitable load for 
ilir detector stage, 2-3 megohms being a suitable Value. 

Negative bins is connected to the grid iif the (node from it 
separate battery Jibe grid bins, battery), counseled up ns 
shown. An in ter citing point here is dial with the valve correctly 
bi:»y;d the grid will never become positive: with to the 

cathode and therefore no power it taken fmin ihe grid biss 
baltcry, hence it should have a very long life. The resistor Rs, 
alio connected to the grid of the valve, it icrmed rite Uak. 

The capacitor Cj provides tfie coupling between ilso detOCCOf 
output and the valve grid wEulst the headphones are ivow used 
to Civu 11 the anode toad for the amplifier yalve. That wmptete) 
the circuit apart from the connections tn the appropriate high 
tendon grid bias and low tension batteries, (Sec Appendix V 
for appropriate battery voltages with types of valve used.) 
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AIL of time additional component* cam , in fact, be connected 
directly to the valve base. aw shown in Fig. it) {iesi^rr i *o. j), cm 
the underside of the base plate. When tlie valve is mounted in 


GQHtmc.7 re 



HigMniiirm bn i toy 45 vola 
Lat*-[rmkrn hrtfcrf eg -mill 

CriJ lii.n hfll lenf f v;;lU 

(Lie biwe it can then be ilnippcd to the base with a rubber 
bund -unless you prefer to mount it permanently. in ibis case 
Chr base should he cut Out Eo take the valve base and lhe base 
mounted on the plate, 

A somewhat simpler circuit can be used with certain types 
Of valves (e^g. W.ty or equivalent-—see Appendix V). These 
valves hive a very low anode current and may t>? opera ted 
Satisfactorily with-mt a separate end bias voltage, thus di prosing; 
with the need for an additional grid bias: battery. The circuit 
then becomes os drawn in Fig. 20, the grid leak Rj being 



Fn. hu. I nh;jii: Akmjfi)!* Cmranx imu mu (Jans Eliw Eatttat, 

TO CtRTAIH ITf-tS or VjkLTZI, 


ATPuruini.E 


IMFEl OVINO OK TEIE, BA5EC RECEIVER 43 

H i-lined, m before. It is instructive to try different values for 
Rj (say f ranging between t.non ohms and ] megohm) to see 
width gives the gmuc*! volume. The volume is, io fact, 
[jLJsrkcdly 1 affected by 1 Im- value of Rj in a particular circuit 
iind will generally tend to increase with an Lncrca-ing value 

of Rs- 

Yet another alternative method of applying negative bias 
to the grid of the valve in small battery rpgeiveji is to utilise 
the low tension battery (see Appendix IV), 

Ftrwn AnpLlFELATiorl 

Et is readily possible to add a further stage atpOWff ampltfk*- 
tiott to improve the perform m nee yet aglk arid hoosi the 
receiver signal strenpph. to sufficient volume to Operate t* loud¬ 
speaker. Ln this case an anode load resistance Li put in place 
rff '.lie headphones and output taken from the tsumle circuit 
via ;i capacitor to feed into the grid of a second triode, The 
second power amplifier circuit is a little dilTerent, as will be 
seen from Fig, at, tor this ume we insert a transformer ns the 



anotk; load and operate the Loudspeaker through this train* 
former, Thu* the loudspeaker is not dirtclly connected to the 
output ctrcuitj but iitd’oerAiffy coupitd to it. Otherwise the 
amplifier circuit is the same as before, and the same possible 
variations apply (see Appendix IV). 

The reason idr using a transformer in the output stage iff (be 
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power MOpIilicr u to provide the necessary high resistance 
[□a4 ia »chkve iht maximum power gain, The headphones 
LLved in previous circuits have, PKOurily, been of (lie high 
LmpcdAtict (high resistance to alternating currents,) type. Low 
impedance headphones, or a low impedance de-af-aid earpiece 
in diW: circuits, would have Co be coupled [q w iih transformer 
to gel any results at all (see Appendix II). 

All modem loudspeakers of the moving rail type are low 
impedance, their actual effective: resistance being of die order 
oFonly a few ohms (whereas (he impedance of the headphones 
specified is usually about 10,000 o hms . Thus it is not possible 
to connect a loudspeaker directly in anode circuits since such, 
a small Impedance would give negligible output power—quite 
insufficient to drive die speaker to convert electrical energy 
into sound waves. 

The use of a transformer rerd ibis out by matching the 
impedance of ibc speaker to (lie required anodi! load raislance 
for maximum performance. An important point ftrises here in 
that there is an aptimam value far the anode Jmid (depending 
upon the type of valve used;, which will give imm'imim power 
output Any greater resistance, ar any smaller resistance, will 
result in a reduction in power output, 

'Ibis optimum [wd is quoted ai pan of the vote's charac- 
terisucs and in practice generally lies between ^.aoo and 
10,000 ohms, Very approximately, in the case of a triode, the 
optimum load can be taken as lwin’d the internal resistance of 
Ihe valve. In, case of doubt, or where performance is not a? 
gootl as expected* trying different values for anode load 
resistance may be a solution. In the case of opdmum anode 
Inaii raiilAnce for selecting an output transformer* however, 
it t$ tLottsfcwy to know this figure in order to select u transformer 
which gives the correct match with Hie loudspeaker, 

IF, Tor example, die optimum anode load resistance for the 
valve wved wua specified as 5,000 oEimi and the impedance of 
the loudspeaker was 3 ohms, the required transformer ratio 
can be calculated as the square rani of Lite ratio of the resist an lu-s, 
i.t 


Turns ratia = 




= 4 oS:t 


3 
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In other words, in. this crue, the correct matching is provided 
by A transformer with a 41 :1 stepriown ratio, 

Uffi of Diode VaIVE in J*F-Anz df DkjUII CllYSTJU, 

All of die circuit designs nhnvc apply equally to the use of a 
diode ivi/w as a detector in the basic circuit, instead of the 
germanium crystal diode speeded in Chapter TI, I he diode 
valve is connected into the circuit in exactly the saute manner* 



aa, Tun funs RiccnTP I Irawr, isnra * The«.mIObH: Dior* Val.ve-.ajc 
L lraSHMfli'iWC ^ii i-noi CMMUP wnu the Cnraa DjuuE, a Uiw- 

tuniu.i D*,rnE»v 11 Neejiuj. 

ns shown in Fig, =2. Tliir cannot, however, be regarded as a 
practical riruuiu 

L'stNo A Trictoe Valve ajs a Detector 
The triode valve con also) be used in the drlufar Stage of a 
receiver, with certain advnnlagcs over a diode detector r The 
triode detector, fbr example, Jtt well as detecting tit rectifying 
the aerial sigfnil received through the tuned circuit, flmplijiu tlie 
audio Frequency output. Thu* it may be of considerable 
advantage where the audio output of R diode is very MTHtll, 
perhaps loo marginal far headphone; to work at all 
thetarily. The triode detector, however* docs lend to introduce 
distortion and the gnairr ihc input signal die grater the 
distortion produced. Indcrtl the Iriadc raGief hfindk a very 
l.i.rgr ElgnnJ input whereas the diode deLector CU accept 
sign^l i of almost unlimited amplitude without distortion of die 
audio frequency signal passed by it. 
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There are IWO basic ways in, which the inode can be used 
as a detector. In the circuit shown in Fig. 23 the iriode ia 
effectively coupfod la act bath as * cIiCkIc detector and a irfode 
amplifier—i.r. the simple valve performs both functions, No 
standing bias, b provided 50 th&i in the absence of a sign id grid 



and cathode are at the tamr potential, The grid -ind calhode 
behave pt a frtndr in the rfat&tOr circuit, the grid acting lile a 
diode anode. 

When a signal current (lows through (his dcKttOr circuit 
tlic D.C, component Jlowirig through the reals (or Rt tends to 
bias (be grid negatively, technically known as “jelf-tMi" since 
tltr signal itself is responsible, for the production iff bins. The 
audits frequency (A.?,) and radio frequency (K.F, j components 
of the signal are applied between the grid and ta Llin.xjfa, thus 
working the valve as a trunk. Both Lhc A.F, and k.F, compon¬ 
ents would be amplified and on to the output fliagr bu.1 

for the presence of the capacitor Cj. This is chosen of a mi table 
vaiue 10 provide a hw reactance to R.F., but a high rear tan re 
to .if. Hence [| nets as a short-i'i it- uitiug path across the output 


improving ON TIIK ftAitr. receiver 47 

of the triode as far as unw.uiiril K..F. signals are concerned, 
but a high resistance path to wanted A.F. signal, which is thus 
passed on to the next sugif. C4 is a coupling condenser for 
connection to a further dag*. Alternatively phones may be 
i11-,! 1 rted Ln place of Rs. 

The other type of triode detector circuit—Tag, 34—employs 



a fixed bliss which is selected to be of Just the right value to cul 
off the srttode current when no input signal is present. When 
ihe input aighnj is applied, ^luifrrr half cycles cause an anode 
current to flow hut atgative hnlf cycles are cut olf, since the 
application of further negative to the grid drives Lhe triode 
even further below the cut-off point. Thus the output AT. is 
CNtenditlly to that passed by n diode, but with greater 

. 11111- 1 111ti Li due to the amplification chmatterisiie of the triode. 
Ai will 1 (hr first circuit, however, it is agalit neccasary to use 
a hy-paai condenser C§ to short-circuit the unwanted audio 
frequency signal so that it cannot pUSS 333(0 the next stage. 
Performance is slightly belter ihtio the first circuit, although 
distortion may be quite pronounced with very weak signal*. 
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This second circuit Li technically known ns an anode bead foltrfot. 

The discerning reader will lave spo-tt-cd iIlli! tiiLs circuit t* 
identical with tie i. Limit fur .1 iridde valve used as an audit 
amplifier. The only dUTereiacc, in feet, bin the value of the hiiis 
used which pulii the (rii>de down to operate about its cul-oti' 
point (above and Mow) when used ns a delee Lor, Instead of 
around the mid-point of the ch iraEterirtic curve in the cate of 
an amplifier.. This will abo give a due as to why the anode 
bend detector Li subject to distortion. Xear the cut-ofFpoint of 
die valve the ehftnmteiitlk curve departs from a straight line 
and becomes quite curved so that anode current HO longer 
varies in direct proportion with grid voltage (cheek against the 
typical form of H Itiode curve shown in t ig, i(i). 

Optimum working; with the anode bend detector il obtained 
by ndj'i- ting the grid bios voltage om 3 Urmt-hnd-rtTor bads 
(e.g, i« art with U vults grid bias, and reduce progressively). 

Mains Fjcatvaaa 

A simple mains rcmvrr may be designed on similar lints, 
using, of course, mains valve* With indirectly heated filament!. 
The basic circuitry is otherwise identical apart front the method 
of applying grid bias, 

Tn ait intents and purposes the high tension and low tension 
voltage supplied can he Considered as coming Irom separate 
points (equivalent (q ifoc buttery terminals on a battery 
receiver}, I he power supply dront, in other words, is quite 
independent of the remainder of the circuit, apart front 
connection to theseoutput points, .although kin itself]* toually 
a valve circuit, ll-i ny; a dirjfle as a rectifier taduaJh tw> diodes, 
nr in practice a “double-diode” in a idngle envelope;, to achieve 
full wave rectification of A.C.) Details of typical power circuit 
design are given in Appendix VII 

The moat common method of applying bias to the valves is 
by whal u termed the eoiAadt War method, which can be Fol¬ 
lowed from the cir cuit shown in Fig, 35. Each of the iritKks 
has a resistor {Rj and RG) inseried between the cathode lead 
and cord 1 (high tension negative fide). This resistor carries 
the D.C. anode current lowing through the valve and thus 
will have a direct jwtenha! difference developed across it. The 
polarity of this D.C, potential will be such as to make the 




7*0 : CiHnpaneni nrwTTihlT of a Wpir;nl F*-Bn ""im lit Ithiw^ijt iTmvFr, 
mounted mi a PSxolin ctuudi. 1. Ftnilr mdi z, Amnl nd; J. T'rni«iiMir: 
j. Elfrlralytic r*|vi.Tlr-: Fiicncl e*|J uriltir: li KixH mi»uir| • I amir t> I. 

H. tHiHk : 'i Tuning 'Miwknicr j i" Kiviirh 

.*i'.■. 1 . i 1 ~ ■ |i ja rri i mLnu-ri-lr-il ih.l iTalui’-.lin-a Itr sil n'^ivL n It a buIeaIiIi- bftu-. 
J hr i.i-- mi: v i> 11 11-11 91 Jthii:l 111 iJn- ilh. i.il. dnilifUlllillj .ill-. |n v.ilnl In nl ilujiljil.- 
ii. iJn-imic'iaiiM ulii-i. linnu!. H--ii.ii !>- |ilnij ii.- iraioMi.i tn list- rwlij wnyTiiund, 
hoi*** et. 



















Jnfr; IWf-r.H-l . an n. •:* Ii h Ih-II^I- prDJMwillai th*H JiraiL|Jn'll« for minisHllll- 
rrrrii™. Lon iinp‘d-1 nrr ™rp •'' '» Mir fi|'"Tir-- tn™« l H-' ■■Upln.l I.T1 "ilH H ujlLulilr 
rrucuJiirun r flkfU in <irf^nr. hi iJlil plmUH 

JlWuim.’ Cucncwl mSmiUy in. Iihii. ■nQaMi' imuiiiiiir rwriiTr I'mni In ■ 
wnitjliitd piiPlEr rH«- Xiict- it-ii’ <Lm si?* rf iI-h- iHicurry. 
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cilLhndc Hi few volts pVfi&x with respect lo Wth* Thr grid of 
ei;,-h valve, on the other hnnd, is returned directly (0 earth 
via the grid leal (#?, RS) t thus tnakkiE the grid luxriire with 
respect [0 the cathode (by the amount the Cathode la positim 
with rnpcel to earth), 



The required value of tins resistor (Rs, R§) b very SLmpty 
calculated by Ohm’s kw T which »t«Bi that resistance - volts,' 
amps. Knowing the D,C, anode current and the bits voltage 
required wC can simply *ayt 

bias voltage required 
Rcsiicance required = DiC .— CLLrrr[lt 

Thus, if the D.C. anode current is x nuMiamp and the bias 
voltage required 5 volt*: 

Resistance required ■= 5c ool] *bitli 

To he sure that only Hie D.C, component of the anode 
current Li used to produce the potential difference acmes the 
resistor, a by-pass circuit must be provided to provide lui dltcr- 
native path lor any A.C- component. Thu t- ■ h.r i the form 01 a 
COndi umT (Cj, Cff)j connected as shown. This by-pMst con¬ 
denser Li invariably of the electrolytic type, the valor chosen 
•;> ■ []ia( the reacUn.ce (or resistance EO A.C.) is very much lower 
rl 1 ilei the resistance Rj f Rti at the lowest, frequency to be 
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amplified. Since reactance decre-ases with increasing frequency, 
ii '.'.ill ifu-n pruvkk' ajirjn’sisini; smaiiff resistance m the pa Lb of 
higher frequencies. A Suitable value fur Cj and C6 would be 
SJ miorerattds whkll itf h in fuel, a common value for electrolytic 
condensers used us ;l by-pius in cathode bias circuits, 

Qrcutt CoHmuicnoN 

No specific details are given for the construction of the 
majority of circuits detailed in this chapter. Rather they are 
described as typical of the manner in which a simple valve 
receiver may be developed so that the reader can follow 1 and 
appreciate the design principles involved, Each etreuit could, 
equally, be constructed, as a working unit, winch would give 
invaluable practical instruction iu the science of mdio rngiTicer- 
ing, using the component values specified (s«- Appendix V 
for appropriate valve selection atut viiring iipji. 

However, for die amateur constructor it i.« Wry much sim¬ 
ple^ and in die long run usually cheaper, 10 pursue a similar 
line of development using trfUtfiftms in place of vulva. This 
method allows a complete receiver to lie buill down to quite 
diminutive proportions with a minimum of pre-fabrication of 
cha-Vii* companmiii, etc. If not worked Lhrough as practical 
examples, however, the circuit] in this chapter should be 
Studied ;uuJ (hetr Operation appreciated as a bads uf under¬ 
standing how a simple valve receiver works and the design 
txirtsidc rations involved. 


C It AFTER V 


DEVELOPING A TRANSISTOR RECEIVER 

Tuf transistor is an American, invention, developed by the 
Fell Telephone Laboratories and first announced in 1948. 
Since that date it ha* been further developed and improved 
arid has continued to End ever-inn-easing application both as a 
direct replacement for ordinary valve*, -and to supplement 
valve circuits, etc., in all types of radio and electronic work. 

In essence, the transistor is a device Capable of working like 
11 triivde valve, hut with numerous advantage* over 1 conven¬ 
tional valve. It is extremely small in size, ruggedly constructed, 
requires little power and no warming-up time and, if not 
abused, should have an indefinitely long lil< . With lhi*, of 
course, come some disadvantages, such as limitation* on 
performance in certain circuits, a tendency to vary its Operating 
characteristics with temperature, and the fact that manufac¬ 
ture to a eoruiisient perfarmancc is not always easy. Thu* 
"any” transistor uicd in a particular circuit designed for If aft- 
filstor operation may not necessarily give the required result! 
and it is important to bear in mind that there are different 
ijftis of transistors as well as dilferen t gr&dts (sec Appendix VI). 

[l i not pine deal to- discuss tlie theory of transistor?, linrt 
to any great length, since to understand their opera tin n fully 
a knowledge of semi conductor physics is necessary. As a, 
generalisation, however, it can be stated that transistors t»re 
made from P-type or X-type germanium, or a comhinltion of 
both and diilerent methods of construction produce pvirit-evfitttl 
iTLumsttHi, rvflcticn transistors and diffused buff transistori, to 
n*imc throe typical forms. Ear the purpose of application to 
fimple radio receiver aicuitxjirflrtun will meet our requirements. 

The P- and -V-type ol' germanium differ in the manner in 
which they conduct electricity. With f-type germaniltm con¬ 
duction i? efFectcd by jHwjiftw charges, and with jY-type ger¬ 
manium by ntgativt charges—hence the F nml A" designations. 

5 » 
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JV-type geFtmanium is also known ns n 4 /tnar because Li is in a 
stale of readily giving out free electi'Cms. P-typc germanium ia 
no acceptor became iu atomic structure virtually contains a 
"holt" which is ready and witling- to accept free electrons. 

These different characteristics of the same (crystal) material 
—germanium—are the result of deliberately introduced im¬ 
purities. Pure germanium, for example, is almost a non¬ 
conductor. The addition of impurity iitoma in wry minute 
quantities turn* germanium into a semi-conduC I iir, 'the addi¬ 
tion. of one impure atom for every iqo million gc-rtnamium 
atoms incrensta the conductivity by it times, fb rpuanium 
ceases to have semi-oiici dur tnr properties and becomes more 
like an ordinary conductor if the impurity ratio is increased lb 
one impurity atom per to million germanium atoms. Hence 
the degree of impurity must be carefully controlled for bunjdftST 
application. 

Since different impurities intraduce diffiml semi-conductor 
characteristics (e.g. JV- and jP-types) it is ohvlously also impor¬ 
tant that the original purity of the germanium should be high 
—actually of the order of less (ban on* part of any impurity in 
100 million, Were this not so the deliberate introduction of 
impurity to give certain desired prtipcrtics mighl be cincelled 
by impurity of an opposite nature already present; or magnified 
out of the ttuful range by a similar impurity already present.. 
Hence the production of the basic material for transistor 
construction is a most exacting process. Add to that the fact 
that the fDawh'ttfthut of the complete transistor is equally exacting 
Hind the reasons behind the relatively high price of such a tiny 
component, and the possibility of varying characteristics, are 
readily nppreciated- 

Tn the point amncl transistor (Fig, 26) the pell id nfgcrmamum 
used is normally of the N-lypc, only about t/tlO inch thick and 
1/50 inch long- The pellet is soldered to a suitable base,, and 
in contact with the pellet arc two tiny electrodes or '‘cal's 
whiskers” a bom 5/1,000 inch in diameter, pressing on the 
germjmium with their pain ts spaced about 1/500 inch apart. 
Tht^ electrodes comprise ihc r.rrrfttcr and piWrrfjsr, ihc third 
connection being made to the baft. The whole is then enclosed, 
in a suitable rugged cose with three wire? emerging from the 
bottom, always in the same characteristic positions, Tlic wire 
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rtjnote from the Other two (idts. with die biggest gap between 
jr and the nearest wire) is alwayi connected to the W- The 
^vi^e at thr nppotitc cod connects 10 the collector and tin; mstdo 
wire nearer to the collector than the base connects to the 
emitter. This configuration of wires is retained on tJI P DtQl 
contact irons is to nu 



In the cue of jtavflhm tr-msistors the two basic type* of 
germanium arc combined in a sand with construction. Tlie 
combination ol\Y-rype P-vype germanium to form a f -A 
junction produces n germanium diode I,the bast-, m irict, ot 
l\it construction of the germanium crystal diode used as a 
df icctcr in ilie basic dfcuiti of Chapter III)+Tbc cwwoinsiLaOP 
officii such crystal diode? in a single unit, where obviously One 
half of each pair can be common to berth, produces OLUier a 
j^VF-jV or junction transbtur. The middle layer t>l I PC 

sandwich in each case is very this* this being WHsary far 
proper transistor operation, 

ihc three b ad; are now led out in a different friSluon- ■-« 
Hg. -27, The belated wire on one side now becomes the calitetoT 
wiLh the wire farthest away nt the other end the emitter, The 
remaining wire (vafOt the emiiiet) is connected in the bow. 
This conJiguration applies to ;dl junction type transistors. _ 

It is bIvo important to appreciate that although conduction 
is similar W the PvV T and tf-P-N junction tnrim «, the 
polarity of these two different types is r*w«i They must be 
connected up the right way round, otherwise the transistor will 
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be mined. Hence s P-JfcP transistor rnhnol be plugged into a 
circuit wired to talifl n N-P^Y trLijjE.Lnur, or vice vena. In the 
Circuiti described later in ibis chapter a P-Jf-Pjatalim InanmUt 
it specified inrou^himi, The chief arivaEiiage of the juncLinrq 
ItansLstot over dig point-contact tramfetor is a very much 



Prn. »y. Tn« Jimtnon Tuiwim. firiia ptnjcifrrJy ilx- annnKnneiri of the 
Jejd.. A ii-m iMiiic-r rauic lie cWBH Ol n t up the right way »wirel .MtwrudH ii wil I 

he fntiinil.. 


preatcf voltaic and power fain, which Es Lfjc principal reason 
for die selection of this type, In fatt, point con ulc t ir-iriiistors arc 
oot used at all in any modern circuits. 

Amplifying THE Basic: Iho-nE-DETEtTrcw 

Using the basic receiver [duign to. f, described in Chapter 
II) with a crystal diode detector, the addition of * single stage 
of amplification with a J\V-P type junction transistor Ls very 
simpie and slraiphtforward, The circuit ii shown in Fig. eB 
(dtfjigjt an. j), the amplification stage is simply folded to basic 
receiver stage. 

The P-A'*P transistor acts as a ntnsf asplijar and this degree 
of amp I i lien tion or current gain is referred to as the ,0 of the 
transistor, which for an OC71 tra muster has an average valise 
of about 50. The £rar resistance J?F is chosen accordingly to 
suit the desired toiltctiT cumM and battery voltage imd. Almost 
any value between ] -5 and 20 ynlw Could be used Tor ihr Litter, 
1 convenient battery size for optimum overall performance 
being g volts. A desired collector current of about 3 mOUamps 


DEvampiws a THAnrsuTDit receiver 55, 
l(j operate the headphones is about right, so by simple 
calculation t 

baltery voltage_ w fl 

^ ' collector current - -‘ ia * -Ou05 

■= yOG,OQO ohitu 

y|i,- : nearest preferred value* for Ri is thui T megohm 
<( 1 ,ooOjOuCi 3 ), 



Fin. uflL LKuioic xo. ]-Tumi Aufluhi Stmsb Auped tv 1RH ft**™ 

JtlLTTLVBfc, 


Gj—0,.K ift lull tfccErnEytkc aiiHritur [T.C.C., DubiLirr w Firi«*-y ■*- 

rL.nr-ineruIrHij 

Km —U 1 .h-iuL'J be anKled in jrtmltet vnib Cj fm brtUx rwul "■, LW R* 
i* 1 FiR 3i>]l 
77 t—Malbffli OCjI 

F'Iictih>— liPEh-imLiniince type [aJm tL? 

Eh Ur it — U-V'ill itry LiCHfy 


Whilst theoretically any F-.V-F junction transistor will wort 
in thti circuit {adjusting the value of Ri t if MtfeSMiy), jt is 
strongly recommended that only the specified type* be em¬ 
ployed in order Ed be sure of getting the beat result* pnftribk. 
Surplus transistors, nhhuuuli cheaper, arc a relatively unknown 
item ss rrii.irds performance, They may be perfectly salLsiac- 
lory; satisfactory to a degree only; or unsatisfactory; and. there 
ts no way oftelling into which calc-gory they foil without having 
first bought and tried them. Generally they have been rejected 

* Srr n}iliuiu:iL«i «r ptefeiTTL 1 vilin in ( '-liupiei II. p. 24. 
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by clip manufacturer* due to lack afpeHbnnajiee m OiW raped 
or another. 

The schematic diagram or the circuit jurt drjcdhcd U givi-n 
in Fig. 29, iwilK Ki.p-bV'dcp assembly iuitmdiohi appended. 
It is strongly recommended thai die trpnsLtti>r cettrweitoni be 
made to a transiatcr socket, into which the transistor mm be 
plumbed when nil the wiring has been completed. Transistor* 





pm. aj|. SicrnrMAinr Ahsjuktemekt c* Dbisn rtn. g. 

Dutii. dn-»i[ i* ftiiucfuiih I ui hr hie. Tbtti jasoetsd u fallow*: 

ijjj' ITs-ill ’ Hilr, ill end ill i li.V-ii. I .nr llkl l: 1:111 :iE ll*(i li.L- Irl Ugl v ,1 li Hull BIKE 

mil lx dll 

(3) Siihlrr IraJliiiliir *, Lee Irdill Ell Ug |ilJ.lrM li;r | Qft:l tKitliLUn Ir.ii liar (tlistclerj, 
mil Mih.HH Cj, hAlifriHf 1.1* Ien 4 Jfl Hip lull tar. 

(cvj Mrxjlfl JT4, *ili!rr:Mg urir I-ail In art.I liiulnr IaJ. 

(*J join Terr (mil nftif mriil JVj ur, I HiHiiirrt lit ImiuiiIit HU I rl i 1. - ln*L |K:>, if 
HP«I, i» mnniilril ln:lnr*n Uin mnn.iiiiir«t l p:i:,.ljii,s >4 Ht unJ Cjaiiil iFrf- 
lop Tjijj Itwt.J 

i vij Germ eel pjinurt to uiler i ■*>, 
nij t hret rirrtdt rnnrl'illy, 
vtii) Fit Irmiiitnr in pj-.-hrt hnic|«. 
ii| Attach ’batter}' and vi, n> vcceWary. 

CJUI MtffljF be rutrwdhy execs* heat applied to them, ai tnay wi ll 
be done in soldering lend! directly to the transistor leads. 

It is considered good practice rfioldcritig is done directly to 
transistor leads to bold the lead, between i lie join* and transistor 
body wiih a pair or round note pliers to that the pIters help to 

ilr..v 1 >FF eicciS'i hr:;i| v,\\\:\i wnuld (iduTwiSr bit CGhfluCted Lip 
the leads into the transistor itself (although this Li not always 
done by tiro experienced cnmtructnj'). Also It is recnnvmendrrf 
that with direct soldering the iron should be unplugged from 
the inaicn when actually completing the joint to avoid possible 
damage to the translator through mains '"hunt"" iA.C. current I 
present in the hit when the iron Ls connected. 
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If nLl ihf other hand, a transiatior socket is used, to complete 
the wiring up, all these possible troubles arc avoided, so the 
r; . lTil CO :^ Ik usually well worthwhile. The me of a Lratisistor 
socket in the circuit nlao enables other types of tflUllbtcrn to be 
flirted as an i-xperimcnl. 

tlERCrrT wrrn T^rjtavrjj Tempfseatithf. &TAHJLirsr {rfr^rj w>, 4) 

One haste limitation with transistors U that they tend to be 
temperature ■•cnMtive, That il, 1 lueir characteristics and thui 
their jKribrmante tends to vary with temperature, so that the 
performance of the ejincuit is not HBMisient, This is because. AJ 
the external temperature inicreascs the collector current also 
tends to increase, which in turn causes .1 further increase in 
junction trmper;ituET;|. 90 the efTrct ia cutmdativn and goes 
from bat! to worse, eveti, to the point of mining the transistor 
ccmpfctdy. It is posable to overcome this trouble by arranging 
lor the circuit to be wlf-biaslng or D,C. stabilised so that a 
constant operating collector current is provided, regardless of 
transistor type or temperature variations. In Other words, the 
working point of the collector circuit is stabilised. 

To do ihi* wr apply a bsaa ws^Eor (%J directly 10 the emitter 
connecting to cnrth r with an electrolytic conciensfl r (C5) to act 
as a bj'-pstsi for alternating currents (l-c. the Audio-frequency 
currents). Tito origin:d bins resistor is also split into two 
separate resistor* Hi and Rst of di Hr rent values {see l'lg. go;. 
TJie values given should he suitable tor working with aLiy 
f-JV-i*junction Irotuiscor trird. If a more theoretical approach 
is preferred, Ihc inriividual values may be calculated as 
follows.. 

Taking ^QQO ohms at a typical resistance value for the 
headphones and O’^ milliampa as a satisfactory operating 
curren t for (he transistor: 

+,ocra X tvs 

Voltage mom phonei —. — ? vo,t! 

Since the supply voltage is 3 vottS;, this leaves 9—2—7 volts to 
be shared hy fir and the transistor. 

The unpedanrr of lIls phones will be approximately m.ooo 
ohms. Therefore fijr optimum nratchitig to the transistor the 
voltage nensa the latter should be: 
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S8 

,. , „ ac.noo x o-r 

Volts (optimum) --- =5. volts 


In practice the Irm-istor “knee 1 * voltage should be added io 
this, "I'li 1 m it about 0'5 volts and represents, roughly, the 
minimiiiii voltage below which no useful amplification exists. 



Flit, S'>- PkiiuiS mu. 4. Aft turn ivti: Cuni rr wiims n the IVcHtstNu hum a* 
nil I n 4PV57IIK CcirLIjCTDK H '1 1 nil M II ( ...Jnljin Liirn li turiiliatly inmilnr tn 
no. J, hut with two DdiiidmuJ iu:»iuuib am. w 1 ■i5:liii in:i' (apndtnr tn 
lie eroirecttd. 

Cj and Cr —9 piFi n l'dLi decuatyiu: riiiutriiina 
Jf j—sn KJ? 

if 1-4-7 KJJ 

Rs —2 -t Kfl or 3 ) TL£l (j i'io win, t* frniirr) 

ft-ScSf 

For our purpose we can just adopt this value of 0-5 volti as 
necessary to ensure working the Iraranstor under the beat 
conditions.. 

We have now; 

Y'oUiigc across Rl - 7 - (5. + 0-5) = t -5 volts 

Since the collector current, and thus also (approximately) (he 
emitter current. Is -0'5 m iliia 1 upa: 


Ri 


t-5 X 5,000 

o-S 


T,,l iOU ohmi 


In practice, nearest preferred values are z-J ATS and 3-3 Jf£?, 
either of whir h should he quJ te suM able. 

To calculate the values of ihc two additional resistances Jtz 
■nd Rjf the combined parallel rciutwicc of these i wo should. 
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theoretically, be 3 ce than Ri. However, this would result ia a 
cuHftidcrable loss of input signal. Hence, in practice. It is usual 
to make this value about four times the impedance ml the 
transistor, i.e. 

4 x 1,000 ohms (typically) = 4,000 ohms 

,\ suitable practical value for Rs is therefore 4,700 ohms. We 
have then; 

Voltage Ktcws fix = emitter voltage plus voltage between 
emitter and base 

= f.3 + 0-05 (for an enviltej*current ofo'5 mA) 
= 1 -55 volts 

Thus: 

t '55 

Current through Rt = ^ - 0 33 milliamps 

>jr 1 .?*i I jtPLHiP 

Finally i 

n njjyply volu - voltage at-floss R2 
^ currem ihrejugh Ra I-Ixmc current 
3 - i J 55 

, t- , , —- X 1,000 — 1 r,you ohms 
0 J 33 +0*01 - 

ThllB t Suitable practical vidue for Rj would be iia,ooo ohms. 

Both of ihrar circuits described {Fig. 2® and Fig. 30] provide 
amplification ill uudio frequency of signals which can be heard 
on the bsnic circuit of Chapter II. In other words, if the basic 
cry.1141] diode receiver previously described gives a "listening 
strength" in the earphones (with or without an added aerial, as 
necessary, according to distance from the transmitting station), 
cither nf these circuits will give an appreciable improvement in 
volume. However, because of the poor efficiency of a diode 
detector at low signal levels, the: following circuit should show 
an overall improvement. It wilt, for example, enable signals 
to be heard which sirt not detectable on the original basic 
rircuii (ami consequently incapable of being amplified). 

Iurjtavr.n- ll.vuc Rf.cfjver with Simula Stagt Aumjiicsi tow 

Utsigtt an, j) 

The main difference lies limply in rearranging the connec¬ 
tions to the tuning coil (sec Fit;. 31)- TLe tuned circuit oilier- 
wisp remains exactly the same. Rearrangement of ■wiring on 
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the tuned circuit (Fig. aScr Fig,. -2y) consists of muoMmug oro- 
ride of the diode (the bad cflutKIfd ic the short bur bar,' mid 
reconnecting to lead J on the tuning coil. 

Tlie amplifier circuit is identifitiaJ with dial rtcscribtd m 
Fig. a3, with the same component values, mxpt that the liead^ 
phones art now connected in the cmittor circuit of the transistor. 
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Beeuvc t*f the simplicity of these circuits* iiCtd the cose with 
which they can be constructed and modified, it is strongly 
recommended that each circuit should be tried, in turn, and 
resulli! compared—rather than selecting one of (he improved 
circuits us a angle project. In lliis way ii is possible to gel 
practical experience esl just bow eilrcdve these improvement* 
are. 

SlilPU RECEJVltfta KciMOTATtKO THE Ujanx 

Sumf. radio construction manual*. particularly If owe deahog 
wit]] transistor dreuit design', suggest elemen city circoits 
etimiiiptiRg the difinlr completely and u-ing live trambtor both 
ns ;l detector and amphtier (rather in the manner of diode 
valve application). This, however, can only he done satis- 
fucwrily by using a lor more expensive type or transistor 
deigned for radio frequency work (i-c. specifically designed for 
handling high frequencies), The results obtained are hardly 
likely to be worth the extra CO *t aj]d so this type of circui t is 
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rmt normally recommended. Circuits using an audio frequency 
transistor both as a detector and amplifier are nol workable. 

■SrramotfAl. jVbtriJnrj.TtOTf no. ft) 

\dditknlri amplification can he applied Lo drcuit design* 

. , an d 4 to provide further gain. These virtually repeat the 
s-ime amplifier stage, replacing (he headphones m tb= “f 11 
5 mge with a suitable load (c.p. a tfoaofa The 

superior consistency of the temprolurwlabiliKd (and 

Hie fact that it makes the circuit less dependent ou individual 

iransittar performance) rnito it a logical choice, nod so it* 

]■ pplicadnn to circuits 3 and 4 only will be considered- The 
components are idcnlical in each case, only the position of the 
load resistor being diifcrcnt. 



A ]—'i i K S 
Jffi-a.i KID 



C ?—H (it-'fis nil 
cti—^'5 fi* 

7 Jt*2—Ottjt 


Ficr Rl shows the application of a further liage of amplifica¬ 
tion to circuit 4 {&**« *■- &t )' and 33 lh^ application of a 
similar stage to circuit S »■ #}■ A 4,-hemnUc arrange- 

ment oTcomponcmts to act as * wiring up guide lor d«^ 6« >9 
dctnilcd in Fig. 34- Coff-poneot values have been parsirnbir) 
selected to keep down the numlwsr of different values of 
components to a minimum. 
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Note CB coiLtUTl.nl across the headphones in Fig. 32 may 
improve perihrtn unce by acting as a by-pass for any stray 
R.F, remaining. A suitable value for CB is ’ooj microfarads. 
A simitar condeJlWT may be connected across the headphones 
in the other cinryil* described. 

Amplification for LoDDtiP&Alfift Ootpct fdejnjn m. 7) 

Even with a seoriftd stage of amplification added, audio 
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DEVKI-OrtUG A TRANSISTOR lErElVt^ 

.,,-nver output ia onty sufficient for operating phones, One 
further stage of audio amplification can provide sulbcienl 
output to drive an Su olmt balanced armature HUnd powered 
infert—a simple form of loudspeaker unit. 

I bis further stage follows, again, lh« samt amplifier circuit, 
replacing: the phones in either diiign or fi'fi with a 4,70c ohm 
resistor and feeding Lnltf a final output stage as shown in Fig. 
3-. WiricR up of this tt&gc should. be quite straightforward, 



Fir., q.-. n*fc-.fl HD. 7. A FLimnm Stage Of AuFuncAflt™ innm mu WMi 
Grmrr 5 i iriricxr TO or-FiAra a DaLAttGUn Abutuiip I.SffaMeA]. 

C8—< pF"i 5 via 
C9—nm, lit. 5 

Cjh-’-'O] (J 
■; fcw-J 
JSjn —3 3 KJJ 
Air- x.70 rtum 
Tiitj- QCya or OC7r 

ihJueed AninLiiEt unit fin »bio DC miMfcaW- 

with the experience or the previous circuits as a Ruidc, Tine 
barijc chiissiB unit originally described ss large enough to cm ry 
all the components Ltp to circuit 7, with the exception uf die 
b,ilanCC-H 1 armature speaker. If the complete clsassi: unit ls 
mounted in a simple cabinet, as m l‘1g. 36, -'■peaker unit itself 
c:lii he mounted On die cabinet, connected to the respective 
circuit points by flexible leads. The same cabinet wall, ot com »e, 
liOU« all the other dreuits describe^ although it h larger than 
the sttHtiwum possible size into which the simpler circuits could be 

fitted* . , + , , 

'lliis stage f drtiuit is about the lo^Cftl limit to wWfib die 
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simple diode receivir wiib audio amplifies lion tau be deve¬ 
loped. Theoretically, at lease, audio LimpblicatiuO Htages can 
be added c d n^fcijiiitt, bui there are inherent Hmitationi in the 
original circuit used to detect the signal in [lie first place i.e. 
lade of sensitivity and selectivity. The tuning, for example, is 
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.;Cr) from (he T-rrivrr rflAilil Bud mftUQt on Ihr li> .1 larr -I Ibn ci!iICikI_ 
i,v*u rr. earrmaJ ftrriul uriii :-jj Ui Litcmeriinn ii thrmir^i N1U1 Ui min mil c£ 
dje cose. Tbo b#4bay aln - il> I be fined inniif rl:-: cnbirv* 


very broad, Which means that in areas of ytttmj signal strength 
two or mure stations may be picket! up dmultajirausly. In 
areas of only moderate signal strength it good aerial is stilt an 
essentia] feature for good reception, whilst amplication of the 
audio signal will aLso amplify unwanted background noises as- 
wdl. The b 1 lie fact remains that no number of audio amplifica¬ 
tion stages can improve the efficiency of the dfkdvr circuit. 
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FURTHER EXPERIMENTS AND CIRCUIT 
MODIFICATIONS 

Tarn circuits djactused in the previom chapter although timpLr 
havt been rpecihcally designed H 0 give as hagh a performance 
as posable, There -ire a number of different features which 
cuuld be introduced, and in fact are commonly specified for 
simitar type: of circuits. It does not follow, however, that such 
diffident features will produce an impn Mjnraf in pcrfoncinte. 
Qujjr probably they will have exactly tiic opposite effect. But 
it will be well worth-while lor the reader to try modification* 
of diis nature as an lUustratiun of different basic mtlJiodi of 
doing a similar job, The fact that one method may be superior 
to another can only be underlined by practical experience with 
ail Line alternatives. One can read that auch-and^ucit a system 
is belter than another, but It is mucb more, realistic to try the 
different cSfecU and! form one’s own continuous as to their 
respective merits. Electronics is not a nuhj+Xt which can be 
fully appreciated visually, W by study -but practical resulLs 
eiuit. 

Workiwu on the: TuNtO tiatctT 

Although the design and construct! un of the Inning coil 
described in Chapter III arid used tor nJ] the subsequent circuits 
appears very simple and elementary, it is, in fact, an extremely 
efficient coil. Wound on a ferrite rod, ns specified, its perform¬ 
ance for medium wave reception should 1* equivalent to the 
hnt of COrtimerdal coils, iri the particular circuits to which it 
is nppliecb By taking uut a tapping point 043 the coil for con¬ 
nection. m die remainder of the circuit the. coil ti, in lact, being 
Used -L-; an mlB-irtaufoTwrT- Capacity coupling of the extern m l 
aerial, where called for, to the particular point specified also 
represents an optimum design feature, 

A* an experiment die aerial may be connected directly to 
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the end or the tuned cirrmt, as in Fig, 3^ with or wilhoui the 
coupling CifUuitof (compare both remits). This may we]] 
prove an effective wary of working in areas of nsuiOQiibly 
strong signal strength, 


a 


'—~tz - 
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The eotLttrue(io:i uf another type of luninp coil with an “air 
core (i.e. the coil is wound on an open former, wjlh no 
ferrite mil or -imibr core) ii detailed in Appendix 111. The 
theoretical higlw-r efficiency of a Larger diometer coil is more 
than offset by the absence of a higEi■ prnnrability core, so that 
the results phould be by no nitons as qaed as with rhe 
original coil design. For one thing, ii. will have to be used with 
n good excertaiL aerial, even in aretw of high signal slrrJigch 
(where the Jcttite rod aerial may give, results without an external 
aerial), 

About the only advantage with a targe diameter air core 
coil o5 this type ■? lIjlii; it should t»c po&sfbiljr to extend the tuning 
range into the long wave hand by increasing the number of 
luma {as detailed in Appendix Ill). The only practical limita- 
tion la that ibr good reception a very long aerial ii essential. 
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On the other hand, with simple cod winding technique it Is not 
possiblt to wind a long-wave coil on the original destpn of 
Jerritc rod aerial. The only really satttfacwrv solution in such 
,.i-= ii to purchase ;l ready-wound etfflimrrvlal coil designed 
Jbr long wave reception (sometimes such * coil may include 
leads for both medium wave and long wave -connections )„ 
Typically these leads OR wired to a warnttfoitfe soakkt as in 
Fist. jH, sc that the position of the switch determines whether 



Fjit 3II TvnuM AiJukJMJimWT n* * AVaviVAANiw Switch m * ftlWirnc 

Rl-LUVU, 

the tuned circuit is ninahlc either over the medium wave hand 
or the long wave band. 

Ah alEcn 1.1 live form of tuning coil for medium wave 
tion which uses; induetivt or frdJu/imrHTcoupling can be made as 
shown in tig. jj, A lifty turn coil in 3& %w.g. wire is wound on 
a. pnper sleeve: over the U-irite rod, as in rhe original design, but 
with no lapping point, A wrapping 1 if paper is then wound 
round the bettom (earth) end of this coil and on this is wound 
abo-ul thirty turns or the tame wire. 

Conni’ctioQ of this coil into any of the receiver circuits h 
then u shown in tig. 40. Actually the number of turns specified 
for the second winding have been deliberatrly specified in 
excear of tbo«e required- Performance will be improved by 






























6 B lS?TRtrCTIDH3 TO HAC90 ODVITlIICTaitl 

unwinding this coil, a turn or so at a titn^ until optimum per¬ 
formance ia reached. Tltti will probably be when there arc 
about sixteen to twenty turns remaining On the Hccotid coil. 
Having arrived at the optimum turns figure, the end of the 
roil can he fixed with swllng-wax* excess wire cut off and a 
permanent Connection rrtsdr to die rest of the tlrruit. 



H '- I r > p™1k'^TTorr DI a™ ItommiLT tXTijrmi TinwiKi Con,. wmnm 
■ '';f J.l .s-V’ ImuuiXD tV'iKK. TTSii i-lit nii.ir be med tn any i ■/ i .r ncejver 
rJrw^j, aeij-niicd arud tu..ie \ K a K d wnli U,f ttIIci cirejisi of Gbtpter VI. 



Fci. JO. Cram&rnijB an tt*p EKrEiikmhrral Coo. to n\l thsTbcTOa hot-tv 
ExFEitiMfcsora wmt CpuPLJwa 

Tbc basic dmiit t>J Fig. i? with the origEna] design of timing 
™“ represent* find ewpffn* (T the toned cirruit to the detector 
ataftf, i„e. a lead is talcn directly from ibe coiF fjind hence Itie 
tuned cfrctril) tn the diode. With the type ofttal just described 
™ ovc ’ l ^ c tunHl d circuit employ? traiufottm coupling between 
t he tuned circuit and the detector stage. 

BoUl direct and tracirformer coupling could be employed 
irtween other stages. However, direct coupling of the diode 
ro the amplifier stage by rlimbaling the capacitor would mean 
i L, U the bias on the amplifier singe would be Upset, with un- 
dotunble resuh.?, Fliis is caused by the diode resistance being 
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effectively connected belwet-u grid and earth. With the diode 
dr 1«tof one way round ttw yfid bias would prevent the diode 
working by imposing a rtvene bias to die diode. 

The standard form of rripJ tunes- eapariiy (or R.Cj coupling 
comprises a resistor which in the “lead 33 of the previous stage 
across which the output voltage oF that stage is developed. 
Usually, in addition to die desired voltage (radio frequency of 
audio frequency) there is also a D r Cl component which must 
pot be pawed Eo the next stage, The cransmiadon of die alter¬ 
nating current component and the blocking of the B.G. com¬ 
ponent is done by the coupling capacitor—set Fig- 41. 
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As noted in Chapter V, which described how flags pd'ampli¬ 
fication art added to the basic detector circuit t in h case die 
preceding circuit i-i "broken” across the load resistor, or effec¬ 
tively the next Stage is connected to where this load resistor (or 
phones) would have beam without the addition of a further stage. 

On this basis wC can use transluimer coupling .i" an alter¬ 
native method of connecting the ditferrnE stages \ One winding 
of the trtinronner replace the load resistance in the first .llagc 
and the other connects to Lhe aemnd stage, as in Fig, -lit. This 
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p-'irtkul-ir diagram ii drawn for applying transformer coupling 
to di'iiga no, ^ (l‘ig. 30), Reference 6.0 the original circuit 
diagram will show exaedy the dMcrence involved. .Suilulik 
types of transfer men for coupling between stages of the circuits 
detailed in Qwpter IV include the Fortiphone Nat, Ardent 
Diiiy H or timilsLF rransJormers—these being sub-miniature 
transformers of very compact siae and designed specs J'kally for 
operation in transistor circuit. 

It will be appreciated that transformer coupling can also b< 
used to add a measure of amplification in a thermionic valve 
circuit if the turns ratio of the transformer windings apply a 
step-up so that the input (0 the next Stage is increased fry a 
proportionate amount. In this respect the transformer is being 
used as an amplifier as well as a coupling device. Hence on this 
basil transformer coupling does represent h practical advantage 
itl such a circuit in providing an additional degree of amplifica¬ 
tion, In a transistor amplifier this is not possible. However, a 
transfenmsr docs provide the means of "impcdence matching" 
which is (he way of obtaining maximum transfer of power from 
one siage to another, 

Other Circuit 1V1ddificat]o:ns 

For convenience of reference other circuit modifications, 
such a* the addition of volume and tone controls, are dealt with 
separately in the Appendices. Similarly, mure advanced types 
of rimrefr designed to produce better results are detailed in the 
remaining (wO chapters. 
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IMPROVED TRANSISTOR RECEIVER DESIGNS 

Mo commercial Other than elementary crystal sew— 

■,,v’ produced on the tines oF (he simple circuits so far diacurad, 
simply because or thei inherent limitations in perfuraumce, 
Bv comparison the ordinary domestic receiver is quite com* 
p w it is »( least of (he T.R.F- type artd usually a snperhet 
(sec Chaplet VIII}, Neither of these is suitable for amateur 
constnii Lion except at a fairly advanced level nf knowledge and 
practical ripcficnctj unhas oFce>iJr=e a complete kit of parts is 
purchased and a set mink to a With tried design. 

With transistor receivers, however, there is a special type of 
circuit which i* capable of K^flg excellent reults Wthoul 
becoming Loo complex, nor docs it introduce my psinicular 
problem* as regards alignment or setting up. Quit* adequate 
headphone or earpiece reception can usually be obtained 
three dages whilst additional amplification can he added, it 
required, to boost audio power output to a sulficicnt level for 
loudspeaker operation, A complex circuit of tins type can be 
made extremely rorap&cl and will war It in wrens ot reasonable 
signal tfrmgth with just a ferrite f«d aerial. In less favour¬ 
able areas, on external aerial m-av be required. In general, 
however, this type of receiver make* an ideal pocket se( fur it 
can Irf built into a case scarcely larger than a packet ot 
cigarettes and operates ofr a srniH, fakSpemiv* battery with 
bw currant consumption so that miming cosu are an absolute 

minimum. . 

These designs incorporate what is known as a njtn rift int, 
» culled because the audio frequency output from the diode 
deienor siagp h fed bark or rtflexcd into che mpUt, ihe 
incoming signal from (he timed circuit if ajsn amplified a* 3 
radio frequency signal before being Jed to 'he detector stage, 
■bug overcoming .me (if the basic limirauoru of the Bimple 
tuned-drcuit-dctector designs jnenmily described. 
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Tlte reflex circuit 3a shown in black diagram form in Fig. 43 . 
T3n- tuned circuit feeds into a tariio frfqniTK? ^pltjitr Kmge and 
Lhrnce. Ml (he detector stage, Ail of the A.F. Ctimporvent in the 
detector as fed hack into- the R.F, amplifier S*age input for 
amplification at AT. The output from the reBes stage may 



smti mFTJ 1 icwrJ stage* 

Fra. 43. BfcOCK Ousrajui or This EIeultei, 


be fed directly into headphonea (three-itage circuit); or may be 
followed by a stage of normal AT. amplification (Four-stage 
circuit); or further itigo of amplification (five-stage circuit, 
etc,, nil the additional stages being A.F. amplifier stages). 

As with the simpler circuits, however, there is a practical 
limit Id die number qff ampti&stian Binges which can usefully 
be added- The basic tbrce-itage circuit (with no A.F. amplifier 
Hi .(rt-) should give audible headphone reception on a number 
of difi'H’tvnt stations. Tin- four-stage circuit should (j[ive good 
headphone reception with local stations very loud, A five-stage 
circuit should be satisfactory for working a balanced armature 
speaker nr even a miniature loudspeaker, via a ini table 
matching transformer. It may even prove possible to work a 
balanced armature speaker direct in a four-stage circuit. 

The "front end" of the circuit comprises the tuned circuit 
feeding an K.I", amplifier Stuff (Fig- 44 “)* the latter employing 
an OC-]j or similar tmuitiff* In this type of circuit the tuning 
coil mutt tie inductively coupled, i.e. a double wound coil to 
the sprs-lfixation described l«* Chapter V, Fig. JP- 1 be output 
from lhe R.F. amplifier employs what a known as chakt 
uir^orThrfli-f coupling, £3 bring an R.F, choke coil used to ensure 
an jitlrqualc toad irnptd-iuce for ratlm frequency currents 
without having a D.C, voltage drop (i.e, offering high resistance 
to R.F, but low resilience to D.C,).. Tile use oi' this choke roll 
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ll50 meins dut the gam of the amplifier varies with the 
frrttuncv or the input, because the reactance o lie choke 
w ith frequency. Thu effect il not desirable, but it u 

tolerable in this type of circuit- . 

” 'S he output of amplified R.F* » Fed from iMft >ta£e into the 



detector stag. (fig. 44ft). which comprise* a mote or less con¬ 
ventional circuit with another ELF, choke coil, the purport* 
Which again is to ensure an adequate R.F. loud impedance with 
low D.C, KHHtntiee, If both £3 and L4 are made adjustable 
fi c bv adjustment of an iron-dwt core), optimum prrfomianw 
can be arrived at by using this measure of adjustment as a 
meins Of vetting Up the ftni-fhed receiver. 

J’he required “feedback" is arranged as shown m Fig. 45. 
The audio frequency signal passed by the delrctor, plus a mil* 
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residual R.F. appearing at point i, is passed back to the hue of 
tint transistor in the- previous stage, the A.F. being little aJiected 
by the capacitor C. However, any R,F. is heavily attccuiated 
or reduced. Thus the transistor is made to perform the addi¬ 
tional function of an audio- frequency auiphlicr. By choosing 
a suitable value for C a low reactance to R.F. is assured, but a 
high reactance to A.F, For example, a -ot jj. 1 - capacitor has 
a reactance ol .jn ohms at 500 kilocydcs.'sccond, increasing to 
3,000 ohms at 3 kilocycles/acco-nd. if 3 Kc/see represaus the 
upper Emit of audio. Frequency signals likely to be encountered „ 
reactance will become propcrtk*iatdy higher at lower audio 
frequencies Conversely, fur radio frequencies jdxjvr 5130 Kc/sec, 
tlie reactance will decrease proportionately. 

Putting the stage together in a single, complete; cietuit and 
lilling in suitable component value;., we have Fig, 46, This 
represents a fully practical design with high impedance head¬ 
phones or a high impedance deaf aid earpiece inserted, where 
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indicated— a complete threc-iUge reflex receiver, in fact. 

If iuIrtLiional amplification in required—and thi-l is recom- 
njeodH’d for good performance.— 1 this follows the sLindartl 
method used wiLh the previous recovers in Chapter V. The 
phones axe replaced with a Suitable load resistor and the 
jimpUricndon sfcngc Lidded at this point. The complete four* 
stage circuit then becomes as show n in Fig.. 47. Alternatively, 



Rg —y? Kfl 
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y[ coarse, transformer coupling could be used for ibe fourth 
A,F, amplification) stage* as in iig- 42. 

The remainder or the chapter will now be devoted to a 
practical desenplion of the coiittructicin and sec ting up of a 
(luvc-stage and * four-stage reflrx receiver appropriate to the 
circuit diagrams ol* Fig'-- 4b and 47« respectively. 

Deejopt No. 8 ('llrree-stage frtet receiver) 

Details of the size and minting out of cite 1/16 in. Paxotto 
chassis phi 1 ( axe given in Fig- +!}■ The holes should aU he 
drilled j;iG in. diameter. The hole to Ex condenser Cf Cun tn 
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opened up, as required, with n laager driil f using the origEnnl 
hole ;l S a guide. It is not advisable to drill Lhc large hole 
dirci dy, as this may split rim claw pLalc, 

Standard components arc used throughout, t-Kcept that the 
t*o choke &ak L'i and L 4 will probably have to be wound. 



tr.i, 48. Fa tr* mac the Coil faHUFJ: ii t wweiino tin Cjeckk . . 

(The value of indue tan on rpedfied may not be readily availably 
from ihr: Iota] radio shop.) These cnib can be wound on a 
former made up m shown Em Fig. 48. Use a standard i in. 
caajnelei- tore and cat two 5/8 in. diameter chc.eb from rJjj n 
Fv 0, “ H*nil» “seating material (nol e. ir d) to Fit tightly on (he 
core* Spare 3/16 in. apart, as shown, iin d cement in place on 
the COJt. The ijttee between the cheeks ti then completely 
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filled with, a winding of 3R s,w.g, insulated wire, winding on 
one layer with turns adjacent, I ben s second layer over the 
top, and so on until the coil hat butk up to the same diameter 
an the cheeks. The coil winding* cun be held with a wrapping 
or cellulose tape anti die ends should be secure to one of the 
checks with sealing wax or something of the sort. The provision 
of an icon dust core to iii the centre of the coil core enables 
(he inductance of the completed coil to he varied by screwing 
in and out, thus taking np any differences introducer] in the 
actual winding, 

llir lirsf stage in assembly is then to mount the haste chassis 
components, These consist of two hus bars, 111 led ;n before, 
;ind three wider tag* mounted on the chassis vvic 1* small brass 
nut* and bolts (see Fig. 30). The aerial rod clip* art fitted with 
self-tapping screws or nuts and bolls, r l"he tuning condenser Ci 
is also mounted et this stage, this dine ori the (tip of the chassis. 
The turning knob is thus fitted Oft the underside of the chassis, 
when the receiver is complete, 

A schematic drawing of the complete assembly is shown 
in the second diagram of Fig, 50. Tlti* can be used as an aid in 
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wiring up, in conjunction with the circuit diagram of Fig, 46, 
It is better to use the schematic draw ing only as a guide (0 the 
approximate positioning of the component* and check all 
connections ;is they are made Again, 1 da- tiftuU or (lieotetieal 
diagram.. In ilii* way, there is le-s likelihood of wrongly 
Connecting up my individual component. 

Start by titling Cf, bending erne lead dnwn dirough tfkc hole 
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iis the claassid and turning over ihe edge. Solder the other lead 
to one of the tags of Ci after rotting rn correct length with Cj 
resting snugly on the base. Next udder the trmofliitnr socket haii> 
connection to the first solder tag and fit flj and C4. Fallow 
with Ri t Rj and £3, all mounted On the second solder tag. 



Then mount (he diode on the last loliier tiig and connect op 
% Jfj and C;. The two choke coils Zj and L4 can then be 
convenient]> positioned and connected up, and C6 can then 
be fitted- Finally connect up the coil lends 1, a* 3, and 4 to the 
appropriate parts of the circuit—r to the earth connected tag 
oJ t,r; q 10 (he other tag afC/j 3 to the middle solder Tag-' and 
4 to the firtf solder (ag (the one on which the transistor socket 
is mounted). The g-volt battery connects to the two bus bar*, 
makhig sure that the polarity is correct—positive to the lower 
or earth bus bar. The phonet are connected to the top bus bar 
arid the Side of coil i-joppoaiic Hie connection to the iniubUDr. 
Checlt Over the circuit completely and thoroughly before 
plugging in (he transistor, 

■Adjust as for the basic receiver described in Chapter TI, i.r. 
by sori-wing down the tuning condenser Ci and then backing 
oif half a turn, Then slide the mil along the rod until the Third 
Programme is audible, when the tuning coil can be fixed (0 (he 
rod. further improvement lei p et'lbtm ancc will then pnrihaLily 
reauh from adjusting the dust con njf Lj and for optimum 
results. 

This receiver should work at rtsiotilbk listening volume in 
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areas of good signal strength but performance will undoubtedly 
be improved by the fitting of a good external aerial. 

DUMN No. tj (Figs. 47 and fll) 

This Utilises enoctly the same circuit as before but with a 
Stag* of audio frequency amplification added* via A second 
transistor. The chassis is identical. 

TltC receiver can be wired up exactly as before* An additional 
retisior fl£ is connected between the top end of the choke coil 
£3 and the top bus bar, Else remaining additions then being 
simply a complete traniiitw amphfier stage consisting of fly, 
RS, R9, £51 and TRs. Tlie final stage is coupled to the previous 
5tnpi’ via an electrolytic condenser C8 t connecting to the top 
side of f-J isarne side as flif} iind joining to the base terminal of 
the Second transistor. 

The free collectnr Lead of this w-eond transistor can conveni- 
endy be taken through a hole drilled in Lhc thunk and then up 
again through a second hole, ns *howu in Fig. 51. The phone 
leads then connect to this end* and to the top bit's bar, battery 
mnn nriiimi Lire as before. The schematic drawing oi Fig. 53 
shows ft slight 1 .:iirnitigemcnt of component* width will be 
.m advantage (o accommodate the compnncnls for die final 
stage within the coniines of the chatsiv 

This particular receiver should work quite well in any area 
of reasonable signal strength without any externa! aerial or 
earth connections, H will, however, be very directional and 
maximum signal can be ibund by rotating the set to align the 
aerial in its optimum [iriEitinn. Because of its compact .size, and 
the fact that it should not tired on external aerial, this design 
makes an ideal pocket receiver, fitted in a suitable cure (I'ig. 3b). 
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MORE ADVANCED CIRCUITS 

In nil of the simple circuit! the weak radio fitsque&cf signal in 
the aerial is fed directly Lo the detector. SiinjiliJiciitiun then 
being applied to the kiudw frequency signal iMfucted froxn the 
detector to bring the A.F, signal up to the required level to 
operate hcadphnoi j yr a loudspeaker, As it haa been pointed 
out, no amount of audio frequency amplification after detection 
ia c Hia: live the Original radio frequency strength is too small 
in the first place. 

An ohv iCiLi - method of improving this state nf affairs would 
be to amplify the radio frequency rigna! picked up by the 
aciiaf and tuned circuit. btfort. ji.f *ing to die detector. This u, 
quite a practical arrangement, and was used in the reflot 
dfsigni i>f Chapter VII, the immediate advantages being an 
Improvement in both jtnftlitAty and sfltacritiJy, and also quality of 
reproduction since the utgiial applied to the detector i,i greater. 
Improved sensitivity metira that die weaker (mere distant) 
auitkms con now be received at greater volunte, Heller sdec- 
livity means that durper tuning can be obtasrte4 r i'SIsnrper 
tuning is probably a necessity in any case, to ehminate inter¬ 
ference from adjacent stations now marc readily picked up.) 
Quality L=. improved because there is lest nk-numi for audio 
frequency ampLLfU'iitien to get the required final volume, 
whilst the output power can rearLify be bowled Co (he level 
required to operate a hiudspeaker without putting any parti¬ 
cularly high deni an tb an either the efficiency of the aerial 
system or the audio frequency ampiilicr stages. 

This type of set, using valves,, is a popular choice fur more 
advanced amateur constructors since it is not particularly 
complicated ta build, nor ii it difficult to set up inithil adjust- 
men ti. It is georrnily known as a tutnod radii;- fiiqmnty {TM.F.) 
Sei„ the basic stages being as shown in Fig. 52. The main difference. 
Cr°m the- simpler circuits described previously is in the provision 

d 4 


Tnf}- l.tatii IikiI ill J‘tqiMlmlcDniprijrili|i'T'. mnmlrri.Tr Ural kfci'tflc hjldrt-ina 
irmi I lirUmrr kii 'nuni'* far drccricnt ww*. 

JiiiinK- Ltiruitiun ran laic ihr iil.ur . .1 ralirt, liui iirr way aiiurli iiiu)h:i. 
fhii; Hi* iii ■ rtu,- 4 a vantUnL rniii" ’■ilvr, n iiMM.^inn- nuJu.i vat-.’!-. and a (gIIbolc* 
rjf iUlEwefit ivjiEi of nraniisrvn. 
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itmI nil an ako be ;«n 
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of 3 radio frequency amplifier Blage before the detector sEage. 
The I'"' 0 tuned circuit arc literally identitiil aridj in fact, are 
usually "ganged" logetEwr, using twin variable condensers (a 
twin gang- condenser) mounted aa a single unit and adjusted 
by a jingle control fcnob {although the respective circuits are 
i^ired to the separate electrical parts of the HVO-p*rt condenser). 

To provide compieu matching of these two timed circuits, 
individual adjustment of the two separate variable con¬ 
denses is done with the aid of smaller '"trimming” condensers 
mounted ill parallel with them. Similarly, the inductances of 
the two tuning coils completing the respective tune circuits are 
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tnitched for identical performance by weans of adjustable 
iron-dust cores. Sowing the cores in increases the inductance 
ijJ the onilsi and screwing them out dccrea&'-i the inductance. 
Irt this manner small differences in the actual wiring up of ihe 
two tuned circuits, and sitJnI] differences in effective component 
values, can be balanced out for optimum prrFn.rm.ance-. Ttui, 
in fact, is a. necessary process in setting up or the com* 

ph'tt; recriver for best performance, and it can be done quite 
satwfactorUy on a trial-.1 nd-error basis. 

The T.IbF, receiver, using valves, is n good receiver for the 
advanced amateur constructor in alraosl all respects. It n 
usually made as a mains receiver, using a separate power pact 
fur lEwr supply (see Appendix VII). There many excellent 
kiti produced to TJLF, sets suitable fbr the home builder 
which, simply by following instruction; -■ rid the circuit diagram 
oovretdy, can be expected to give fust d-aai Jesuits. The price 
of such kits is gcnertill y compara ble with ihe cost of individual 
components built icparaLcly Lur a particular circuit design. 

It is not proposed to give constructional dcLails for a typical 
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T.R J". DFt in this present book since it does represent a rather 
DlCtt advanced sL:itrr; of experience than Lhe type of circuits 
with which we have been working 

Unlbrtaaaiely, T.R.F. circuits do not lead themselves readily 
U) 'lie tdopnion of transistor stages (instead of valve stages). 
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This is largely because transistor amplifier stages generally 
tutve kss gain than comparable valve stages, so more transistor 
stages are required for the same degree of amplification, possibly 
requiring more variable tuned stages and complicating bath 
construction and alignment. That is not Co say that the tran¬ 
sistorised TJt.F. set cannot be made successfully. It can, and 
again there are various lots put oliL for such, receivers which 
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vriU operate successfully at loudspeaker volume. A typed 
theoretical circuit it shown in Fig. 53, again with suitable 
componetil values. This could b; laid out in the- manner of 
t3it simple transistor receivers described in Chapter V in very 
much die lame spat*. Lt will not be a particularly cheap 
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set t-0 construct, however, and its performance is probably only 
comparable with the bat afttftst circuit designs under fimilftr 
operating conditions. The rircuLt can, however, be improved 
by the addition of D.C, ItaMhratloa. 

An inherent hmitaliow with T,R,F- rets is a leniency for the 
radio frequency amplifier stage to become: nn.i'.abte and 
cscdlah'. pixiih.trinti ji ImuL bowl or whistle in the Eriudspenker. 
Lf we look at the triad*- ™lve in a bade amplifier circuit again 
—repeotrd hi Hg, ^4 fo r convenience—there may well be an 
effective Vaparitancc coupling" between the anode and grid 
oi" the valve, cither due ti> die const ruction oF the valve itself 
[interelrttrade capacitance). or the capacity of wiring con* 
nec(cd to these two parti, nr both. This. CHpuritanee will be 
verv small, probably only of the order at a. few picofarads, which 
in the case of audio frequencies repMKnts a very Ivigt reactance 
{resistance'l path—rememb^'ring that the iouvr ih-r '.■.line of the 
capacitance lhe greater its reactance or resistance to the flow 
of low frequencies, and vice versa. Al the much higher ratho 
frequences being applied la the valve grid, however, this 
mctemal capadtancc-cottplbg or fetdhatk path, as it is called, 
miiv B jP BK 'Ht a relative low resistance path to the input 
signal. Hence part of the amplified nnJpoh from (lie anode is fed 
back through the feedback pntli to die trriti again, earsiing 
instability or Hdf-ascaiattum Tltis principle of applying feed¬ 
back In this manner is, in fact, the bids of uperating a valve 
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os an osaiktari which is used in jctne other types of circuits’ 
Or in regenerative receivers [see below). 

This means chat the Rj'. amplifier stage in a T.R.F. 
receiver may he quite critical sl« regardi Layout of'Components 
to minimise all coupling effects between components (e.g, 
coils) connected to the grid atld anode of the amplifying valve 
respectively, keeping wiring lengths So a minimum on this 
circuit, and even using efeclrc-mapnetir and electrostatic 
serteniitg, if necessary. Additionally, the anode circuit may 
require dimpling from the other circuits, particularly the detec¬ 
tor. calling for a special decoupling circuit to hr added after 
(he R.F, Amplification stage—c.g. a resistor in series wiih the 
high tension lead and a condenser al=n connected between the 
anode circuit and earth. 

RUtitSSUtATTVE RiCEiVILttS 

Considering tiris question of feed Intel & little more carefully, 
it will be appreciated that a f trtatfl nm.-vn! uTfeedback from the 
amplified fanode) signal into the grid again will result in Kill 
greater amplification, thus increasing the effective gain many 
times. The only limit is rbn point at which Lhe feedback is too 
great for the valve eo COpf with properly and it goes unstable 
and oscillates. With controlled or restricted feedback, however, 
it should lie possible to hold the valve within its stable operating 
limits and 90 take advantage of this additional gain produced. 

Again it Is possible to produce practical circuits using 'Ids 
principle, provision being made for adequate contrail of the 
amoiirtUif feedback so that the oscillation point is never readied. 

It is alto neCewary to arrange that the feedback from anode 
to grid (or collector to base, in the cate of a transistor} is in 
the right sx-nsc or “phase" to add to the input signal. The 
voltage appearing at the collector of the transistor, for example, 
would be I So degrees ouL of phase with the input to the base. 
The codec tot voltage mutt therefore br reversed in sense or 
pli.'LW before it can be applied as positive feed back or re. 
generation to the input base of the transit tor. This phase 
reversal is accomplished by the coil in the collector circuit which 
is inductively coupled to the base circuit. If the coil is connected 
the wrong way round the feedback will be negative instead of 
positive, resulting in a decrease in tcmitivily. 


mOBI advaKCEP CIRCUIT* ^5 

A thcoretic-ali design of transistor regenerative circuit, 
amplified OS for ns posable, is shown in Fig- 55 . A jangle 
trantistor only is used, and this must be :m fH44 or OC 45 
[or equivalent}, The acrid tuning coil Li the. standard design 
evolved lor the basic receivers but an additional feedback coil 
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is mounted on the ferrite rod to produce the necessary coupling. 

Xht* feedback coil is made by winding S turns of 3 H s.w,g, 
wire on a similar paper sleeve to the tuning coil, SO that die 
fini.W coil can be slid up and down the fertile rod. Flit degree 
of coupling can then be adjusted lor optimum results by sliding 
this feedback coil up and down the rod to arrive a( a position 
which gives optimum result*. The amount of reaction or 
regenerative feedback IS controlled by the setting of the g(H3 
picofarad condmier connected to the transistor wlfecM. Il 
thr set does not oscillate with iliia cnodetuer adjusted Id ninMt 
capiat) (Le. vanes fully closed) then the feedback coil must 
be reversed oil ihe ferrite rod, ije. slid off and replaced ihc 
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Other Way round {aJtcrniktivfly rcvw»e the coil connections tci 
the rest of the circuit), 

Provided the basic circuit can hr got working satisfactorily, 
additional audio frequency amplification can, of course, he 
added M described in Cljsiptrr V. The headphones shown in 
llic basic circuit arc simply replaced by a -jjoo-otmi resistor 
and die A.F, amplifier Huge added from there, folicv^si by a 
Second s-tige ol' A.F r amplification if required. In general, 
Ikowevcr, regenerative receivers of this type arc not pwttcubiJfly 
suited to amateur construction without some considerable 
previous opcriime of circuit detign and circuit IwllUviour. 

The SuFER-Kr.CrKNFJLmvji Recover 

The limit to which ordinary regenerative amplification can 
be carried i* tfie point at which oscillation atari*, to the. radio 
frequency -im | I ideation (and thus 1 hr SMEaiivity) of a regenera¬ 
tive receiver is Limited by ibis factor. The super regenerative 
receiver is u development which Overcomes this limitatitm by 
introducing into the detector circuit an nltcmnting voltage of ,a 
Frequency somewhat above the audible range (e.g, typically 
between no to too hJocytll per second) in such a manner 
4U! to vary Lhe operating point of the detector. In effect this 
interruption or tfmv :th (frequency witches the detector In and 
Out of operation, with the dcLector originally adjusted to be 
near the point of Mediation. The time oaken for the K,F, 
oscillations to build up to their peak will be proportional n? 
the original modulated signal (i.c, the lt.F. signal picked Up 
by the aerial) and by arran g in g for these to be quenched before 
they can reach ilnrir peak, extremely high amplification U 
possible—equjjv&lcnt to a gain of over one million 1(1 a single 
stage in certain «H. 

On this basi.q the circuit is ideal lbr increasing dir sensitivity 
of a receiver In a relatively simple manner. However, both I he 
design require nietitJ and adjustment are somewhat critical, 
and it can only Ik- considered as an advanced type of receiver 
beyond the scope of this present book for more detailed treat¬ 
ment. The super-regenerative receiver, too, is not particularly 
suited for the reception of normal broadcast frequencies, The 
circuit requires a ratio of signal frequency' to quench frequency 
of the order of 1 , 000 : r, or greater, which means that for a 
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broadcast signal of 500 titoCTcIrU'wcond the quench frequency 
[iiust be of the order or 500-1,500 cycles per second, or in the 
audio band, A further limitation U that they will cause inter¬ 
ference on other receivers in the neighbourhood because 
tjjpy n re [BrilUriqs all the time—although this effect can be 

* U Afurfhcr variation., which is even l«a suited For lower radio 
frequencies but again’ li capable af giving excellent results with 
very high frequencies, is lhe sdf-q uflucbiug super regenerative 
receiver. In thb ca.se, as the name implies, the super regenera¬ 
tive detector supplies its Cwn quench frequency. The frequency 
of these quench Oftrillatioru depends On the feedback and U'.e 
"tuna constant" of the grid Leak ami condenser, the time 
between each burs! of oeriUaticin varying as the input ipgnal 
vario. The action of the osrillaliens Is said to be a blocking or 
"sriuegging" effect where the grid of the valve nccUrtuti.ttes 
a strcinp negative charge which docs not leak off fast enough 
through the grid Irak to prevent a relatively slow variation of 
tlie operating point. 

TFET. SL’fERMETEKODYJjr. kEIJlir.T.SL (SuPEttlTET) 

This type qf circuit uses an entirely different principle of 
operation from those previously described. We have understood 
the behaviour of a T.R.F, receiver null a regenerative 
receiver dial amplification, of a radio _ frequency agnri lias 
limitations as to what cm be achieved without special dm n try 
Irv prevent the detector valve bursting intooaciUatmn, From die 
simpler circuit* we have alio learnt that the ftmpMmtion d 
lawnr frequency (AT.) tignals presents no such dilhcultics. 
The underlying principle of nij&rrM operation is 4o take ike 
mdio frequency signal, convert it into a hwtt frtyuml, still 
within the radio frequency range hut one which can readily 
br amplified without (rouble, and then feed this amplified 
Sigruil into the detretor-and subsequently out of the dc i n’tor 
into any further stages of audio Luiipfibcatimi required. 

p l'hia lower frequency is known as tlie inltmtdwtt JfrjKirrKy 
and may be any value within a range of about no Kc/i to 
1 &00 Kc)s, In practice., common value* are 255 Kc/s and 
465 Kci‘s, li being of practical icnporlnncf: to standmtlise on 
iked values far die inteonedi ate frequency so that suitable 
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instructions to Ra»Io constkcctdss 

components can be made readily available fbr superset con¬ 
struction; also so that bro-ilkasl stations do not radiate OH these 
chosen intermediate frequencies. 

The majority of dcmrltic receivers air designed On the 
•superhet principle because of the many advantages— high 
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Selectivity, high sensitivity, high gain and good stability. 
Again, however, the superlict is a relatively eomplnf design 
for amateur conMTitcLioll and a type which is alni'/H impossible 
to align correctly fhr proper working efficiency without the aid 
of a signal gttteraliw. We sviti therefore res trict further description 
of tids type of circuit to an explanation of tin* block diagram. 
Hhown in Fig. 36. 

The basic ilagt-J nTc a tuned circuit coupled l(i a mt"«r feeding 
into one or mort inlerrnrdiakJreqitfncj ampiifirt itagn and thence 
to the ittutiA tielrdvr stage, followed hy one more audio 
frequency amplifier slapcs, as necessary, Jai uddition, a local 
oscilial&r is coupled into the miner stage (o provide the necessary 
intermediate frequency for l.l'l am.pl ifiendlHL On some 
supcrhcli, *,g. tome car radios, a singe of/f.F. Omp{tficBti*a may 
precede the mw*r h hut no normal domestic receiver uses this 
additional scagp. 

The Local oscillator is also provided with a tuned circuit 
which is mechanically interconnected nr gutigtd to the tuned 
circui t at the front end of the Whatever [], e intermediate 
frequency selected for the- design, this umngeitienl ensures 
chat the frequency of the local oscillator fed into thy mixer 
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flftf.MVi differa from the incoming R.F, signal hy the intermediate 
frequency valine. 

To quote specific values. Suppose rhe incoming R.F, aignnt 
b ],o00 Kc, : s and the intermediate Frequency is 4-65 Kr.'s. The 
luned circuit in the front of the miser is tuned to i,nou Kc/s- 
Whilst the ganged tuned circuit on the local oscillator is 
likewise adjusted 90 that the local Oscillator frequency fed to 
the mixer is i,ooQ plus 4^5 = 1,465 Kfi/t, 'This "difference"' 
frequency is extracted from the mixer for amplification in the 
intermediate frequency amplifier stage (5); and whatever the 
original luning (i.c. the original R.F. signal frequency to 
which the set is tuned), this "difierence" frequency will remain 
the snm* and equal to the fixed inlermediate frequency— 
46-* Kc/s in this case. 

The I.Fi amplifier stages are therefore concerned tolety 
with amjilifVi I’l.g this intermediate frequency modnUfltd hy the 
original R.F, signal and the second detector stage (usually a 
diode) in rectifying this signal to give the required omfia 
fntjmcf output a* With all the simpler circuits discussed. 



































CHAPTER IX 


SUB-MIXIATURE RECEIVERS 

Wftut the circuits described in lisp previous chapters can be 
described as "miniature" in that LliP Complete reedier, with 
its bftturies, can be accommodated in quite ft snwdl ca^e, 
trUhsixtor circuits also lend themselves to Further compacting 
and space reduction resulting in the sub-mini ;it nrr receiver, 
■which is Mnftllrf in die than a box of matches. The use of a 
budspeiilitr is precluded in such a small volume,, so receivers 
of this type- invariably utilize a dcaf-aid type earpiece for listen¬ 
ing, plugging into a matching jack on the tide of the receiver 
case. Also, again (o fiavr. space and reduce the number of 
components to ft minimum, fairly simple circuits are usually 
employed and the smallest *i**S of Mallory-mcrcury batteries. 

The main limitation with such circuits Li the rather Low 
aerial efficiency which Can be i ratcird in a necessarily small 
size of aerial coil and I«riie rod or slab. Nevertheless, wdJ- 
destpned sub-minis ture receivers asm capable of providing 
satisfactory listening in Areas of good reception and goad 
sensitivity over a wide range of broadcast ficquendcs. In less 
favourable areas reception tttfty be marginal and variable with 
conditions. In particular tlse Final signal volume may be quite 
low with a suitable level fur linmng dependent oil fairly 
precise alignment of the aerial relative to the source of signal, 
kuch circuits, however, are readily adaptable to a further stage 
of bl£ amplication for working a jptako\ although the com¬ 
bined volume of basis receiver, amplifier mad speaker no 
longer conforms (o the Conception of a sub-miniature receiver. 

In order to achieve minimum (paring of components 
together with a practical method of mounting and wiring up, 
sub-miniaturereceiver* are invariably built on a planted circuit 
hoard, Tlie oriyinsti design or such a circuit is tricky and 
demands lame experience to tackle successfully. For this ration 
the aub-hiihiftturc icctivers are normally best built fro ns kits 
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which include dl printed circuit board ready prepared and 
drilled for the mounting of components. Building the receii r cr 
then becomes a matter of simple assembly, hearing each 
component in its coiTMt position on the printed board and 
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Fir, j> 

soldering the Leads- in phwe to the copper huldft. kLnce- the 
podtioritng oFcomponcnla can he quite critical OUf component 
assembled in the wrong order may interfere with (hr: mounting 
of a subsequent component -ft driinite sequence is usually 
specified for building, Certain precautions may also have to he 
observed, specific to the design. Thus, building from kits., die 
main point to remember is to follow the instruction* for chat kit 
jperificaLEy and not attempt wbftt may appear H> be "short 
cuts," 

An outstanding example of a sub-miniature receiver of this 



type is the Sinclair Micro-6. This is designed to Jit into a case- 
measuring only I-S X l'3 * ci’5 inches and weighs less than 
one ounce, complete with batteries. The circuit is ingenious 
in that although only three transistors are employed the 
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performance is generally comparable It? that of n. aix-iransistor 
Euperhet. This ii achieved by reflexing both the firs! nnd second 
transit tors so that each amplifies successively 41 both u.f, and 
ri f in the block diagram Fig. 57- 
A circuit diagram of the Sinclair Micro-6 is shown in Fig. 
jjfl. The incoming r,f, signal is picked up by the aerial Coil L\ 
and selected! by Li and TCi, then amplified by 3"ri and Trl 
prior to detection. A semi-variable capacitor GIF is introduced 
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which considerably increases both, the gain of 3“ri and the 
selectivity of the receiver by providing positive feedback or 
regent radon from the output of Tn to the tuned circuit. The 
level of regeneration is automatically controlled by the a,g,e. 
circuit. In practice, CW is simply two pieces of single stranded 
insulated wire twisted together, adjusted for best performance 
merely by twisting or untwisting the ^-coupling" until best 
performance is achieved. 

The r.f. output from Tri. is coupled directly to the double 
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diode detector Di and Da by capacitor Gft. The output from 
the detec tor ttage consists of three partit 

(j) a D.CJ. voltage which ii prapOrdcmil id the signal strength 
and which controls the collector current ftttd thus the gain of 
Trl. 

(ii) an a.h lignal which h fed to the base of Tt t. This ai. 
cjjrnal ia then amplified in turn by ln t Tri and Ttg, 

(lit) an unwanted residual r.f, signal which h removed by 
capacitor Ct. 

The three ErarHiaton used art' of micro-alloy type, enabling 
a. satisfactory performance to 1)0 realized on a low hattcry 
voltage with very low current consumption. The batteries are 



fm. 6a. 

Mallory ZMgiz or RM 312 mercury celts of r -3 rata each. In 
areas of strong signals a single Cell fi-g volts) may be salia- 
Jiictory but for moat areas two batteries ( 2-6 volts.) ate required 
for working. 

Component assembly il shnwri in Fsg, 59 . AH ocunponer.ts are 
mounted oil the opposite side of the board to the copper Lands 
and are nssci'nhled in the following order: 

TCi t Ci, flg, % Ri, % Ri. fl*> J®, % ^ 7 . TfJ i 
Tn, Cx t Cj, Tt*, ffi. Da, Di, C4, battery clips, earphone 

socket, GW, L \+ 

It ts very important that ail the components Used to build 
this set ate mounted as close tn the board as possible. The leads 
mu it he dipped to within about inch from, the board and then 
soldered. The solder mu.it not protrude from the board more: 
than absolutely nccrasiuy, To emu re a good jtii'U die sold' i 
should bo held against the wine arid dte copper aud the joint 
made quickly with ihc iron at full heat, 1 he Iraniiatuii can be 
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damaged by excess heat and it is wise to grip the translator 
lead being- soldered with Mrrun or pliers tn act as a beat 
sink, It la not cse rubai to hold the solder to die joint in the cave 
of 1 hr tnuiabtOTS as, the leads ate gold plated. 

Remove any iotuLaiion Irom the Jeads ol'Ci, Cj and C5 as 
shown in Fig, &i r 

The assembly of iJt, / 5 a, and is shown in Fig, 6a. Take 
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care to ensure that the diodes are inserted the correct way 
round. The positive end is that which looks like a tiny front 
arrow inside the glass body of the diode. C4 (a^o pf} is mounted 
Elijah to bring the top to the level ol' Di and l>z. The top lead 
0JC4 iis wound round the top lead, ni'Zl] and i>2 as shown in 
Stage g, Solder L \ to D 1 and Di as quickly as possible to avoid 
damaging the diodct and tlien clip nil'the rest of the diode leads 



Put. fir. 
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a-i cto$e to the diodes os possible, Unless the leads air dipped 
dost: to 1 hr diodes the final assembly might not fit into the case. 

Bend the natL-istor leads so that they can be assembled 
oti to the hoard as shown in Fig. 63, Clip off the leads after 
mounting and keep them, at two are required to make the 
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battery clips.. Remember to moke the solder joints quickly 
and to use a heat sink if possible to a void damaging the transis ton. 

TCt } the tuning Capacitor, must lie fiat on the board as shown 
iiL Fig, 59. Tb c cyH i f t and the budi protrude slight Ey itt to holes pro* 
x-jded on the board. 11 may be necessary to bend Lhe leads slight lly 
so that they coincide with the copper on the board to which they 
i nuslbi- soldered. The leads, when dipped, m ust not extend more 
than ^ inch Irom the hoard and should he soldered at in Fig. 64. 
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Mnunl L 1 on to the board aj shown in Fig. 59 And then fix 
It to the board carefully with clear cellotapc eo thul it cannol 
move. If wished, the acrid may further be glued to the board 
for extra security, 

For CITusc two pieces of the single stranded, plaftic insulated 
wite just over r inch in length, Care one end of each -01 d solder 
into position as shown in Fig- 59. It i* nnt necessary to twist 
thpe wires together at tlut stage* The single stranded wire is 

Only required for CW, _ 

The assembly of Lhe b itieiy clips is Town in Fig. 39- These 
; U -4: bent from the transistor leads you will have avrd. The 
positive dip (numbered 4 on thediagrarmj requires about i- inch. 
Of It ad. The negative lead [numbered 3) extends under the 
bootd, up through the hole numbered 2, across and down again 
through hole i. Tire section between 1 and 2 must be covered 
With | inch of plastic slewing taken front the 4 inches Length of 
ahigle.itrand wire. Thu insulated wire link Mpa to keep the batt cr¬ 
ies in position. The clips must be soldered very firmly under the 
bo« d to ensure sufficient rigidity. They mm t be dean at all time*, 
tlmrorion or dnt must be amoved by gently filing Or craping, 
Solder the, earpiece socket to the board using three j inch 
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Irngil'Li of the multi-stranded, plastic i mil .iced wtra ,is shewn in 
Fi^. r n ^. Be careful to join the tags to the correct holes. 

Hr move the n u t And washer from the earpiece socket and fit 1 He 
enure assembly into the case passing the threaded neck through 
i hr: hole on the side. Mow replace the washer and nut of the socket 
pn the outfiideofthccaseanti tighten the strew firmly but carefully. 

R i-1 nrs'.T- the screw and two washers from J"C'] and screw in 
the dial from the front of die case until the spindle projects 
Ihm urii J"fTi r Replace the paxolin wasber and fit the specially 
shaped locking washer provided over this and screw die nut 
provided, lightly 00 to tfic end of the threaded spindle. The 
whole assembly should now be H in Fig. 64. 



The MiCfO^ uies two Mallory /Afjt2 (or RM512J mercury 
cel Li. These may be obtained front Boots the Chemist, or from 
mcrsl radio shops. Fil the cell* between the battery dips, being 
very cartful to insert them the correct way round as shown 
in Fig. 59. You will probably need In bend the battery dips 
inward 1 to ensure that they grip therdfi tightly enough. Make 
sure the dips are always clean. 

Plug the earpiece into the sock Cl. This automatically switches 
(he »et mi and you should now be able to tunc in a station or 
iwo. Tune to the high frequency end of the band, that is with 
I lie did turned clockwise AS Ear m il will go, and twist the wires 
dfCFT tightly togellier until you hear a rushing or whistling 
nolle. Now 1 untwist them lightly so that the noise just stops. 
CW may be Adjusted (lightly fhr first performance and then 
beilt over -tj that the [id ewi be fitted. Two Lids arc provided; 
one hi while plastic and one to clear to give you a choice. The 
lid iltd-es into place from the end oi'rhc bon. 

The kit for the construction of the Sindair Mkro-G is pro* 
duccd hy Sinclair Ibullatuca Ltd, Gombcrton, Cambridge. 



Xn*. Cmniym 1 hr ».tv of j. wftea. ivpi cranvjlur mrilvru (roKgp»UBd) ■wllh * 
dimwiiLn TYR.F- raattvef (unifcnidr rf ^rmwii vurw. ihimip* cimn|xwnH" 

lA'Iiwi upi. 

Battam: Hear 1* a ivuuuidt nniin nmiplrir wicli i^nlier in cnbirwi nmniaurd 
in liirvntk^T.ll-F. valve r^rriv-rr Onm*- iimlrl di* hw, tail ieq» 1 ■' WUWtl) 
The lajfcr :-i!i-.i.i iii"in .jji ihn- risli' tliv T K K. itctwL-r ii Oik nmini *rn=!l»fPW. 
TtmushDc rttraMW operate) oil n ijpv rlry fiiatucy. 
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PRINTED CIRCUITS 

Most modem radio circuits and virtually all transistor ditims, 
air. assembled on printed 1 it cull boards rather titan. wired Up 
in the “olifaflhiciietr mnmier In the Stri« of designs described 
in Chapters III to VIII, "wind-up 1 ' circuit have been 
employed since the design and construction of printed circuit 
panels U a rather specialised job* needing skills which are only 
developed by practical eirpafencc. However, iho construction 
of printed circuit i lauds ia wdl within the ^opr-i I he amateur 
enthusiast and ihli chapter ^iLL be devoted to describing the 
techniques mvahaL 

A printed circuit, as the name surjiwUi meorpffitttes ill—or 
as much as practicable—of the wiring " printed in copper on 0 
■beet of Kill, material wish insulating properties. In Jact the 
circuit drawing! specially designed to icwnimmliiir j 11 the 
tomponenU, is reproduced in copper I oil bonded 10 ;c dieel. of 
iLimmated plastic. ‘Trinting," in inch, it limited to repwduniig 
a drawing of the circuit on the copper. The final, product™ 
ofthe printed circuit panel involves a process o1 Ctrlliflg away 
unwanted copper areas, leaving just lire copper wiring deEign, 
normally referred to -i- copper lands. After "priming' or, 
tatter, printing and rtching— the panel it then drilled with 
holes to take the component kidl. Components ore mounted 
to the panel by inserting their leads through the appropriate 
hole, and thr-U soldered in place to the copper l»mk The 
1militated p].i'iit panel thus- carries the circuit |3n tii form 
copper lands) and also acta as a "chassis" or mounting panel 
for all the components. 

Printed drttlit base material COiuists of copper lost, 2 . 3 or [1 
thousandth? of an inch thick, bonded to a sheet of laminated 
plastic, typically about ; n inch thick. The two main typtt of 
plastic sheet employed are phenolic InndmUc |>..g^ PaxolmJ. 
distinguished by its brown colour;, and glitsi fibre hmunate. Hie 
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Ulcer u whitish in colour and translucent, with lhe advantage 
that you can see through die panel from Ore "plain ^ side U> 
identify the portion of the copper land* underneath. This can be 
of considerable aid to auembly with complex cireutis, and lhe 
material is also strong** than phenolic taminnte. However, 
it ti more «Mly ami harder lo drill, For normal amateur 
construction,, phmolic Immnate material is quite ) A Olfactory. 

Printed circuit "stock” Ls supplied in flat panels, with one 
faOC coated overall with copper foil. It U on this iur&cc that 
the circuit design is drawn or "printed” and surplus copper 
subsequently etcTwd away U) provide the final printed circuit. 
The distinct processes involved are: 

(i) A suitable eloign of primed circuit, 

(ii) Transferring or "printing” this design OP the copper side 

of the stock panel, , 

(iii) Etching to remove surplus copper leaving the hnal 

printed dreuit pattern, 

(iv) Drilling Lhe holes for mounting the component in 
position. 

The technique of soldering the oaaiptrapnts in place also dilferg 
from ordinary soldering np of wired circuits. 

Starling with the printed circuit duigSt LtJ* to provide 
liotli all tin- normal wiring connections and accommodate the 
physical shape and rises of lhe various components- The 
starting point, therefore, is to lind a suitable disposition. Cl 
component* which will hi in with the connections required. 
AIL the "wiring”’ as inch, has to be accommodated on a Hal 
panel, i.e. in two dimensions only, witlioul ensuing or ecm- 
ductors. The componCitu themselves can, of count, 
bridges between conductors, but you cannot "bridge one 
copper land over another. If it proves impossible to design a 
Suitable circuit wilhoul eroaring conduction then lhe conductor 
will have. 10 .'top at such points and be joined by a length of 
insulated wise. This ii [*qqt printetl circuit design and should 
be abided if at all pdisihle. 

The various circuit components—resistors, capadlurS, tran- 
sistors -Cun be mounded flat ogiittst the panel (honice tally], 
or vertically. The former method requires a larger panel urea, 
but ii usually the easiest method as regards circuit design since 
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i.l avoids crowding of the various ctstiductara. Vertical assembly 
ia essential, however., if the eikc of the panel is to be reduced to a 
minimum, These remarks apply specifically to iesLftvns anti 
ciipaciims. Tianristmr* are normally mounted vertically in any 
case, although inmelimej the leads may he hent to allow the 
transistor-), to lie horizon tally to reduce the height of ihe 
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asseoibly—see Fig. 63 (Chapter IX). Other components, surd 
u timing caparitom and tram lot men-, will have only one way in 
’which they can he mounted, 

Ai a. simple example of printed circuit panel design, let us 
take PesLgii no. 3 described in Chapter V. The component 
layout can follow very much Pit the same lines as the i rhematic 
of Fi.m. ■Jg, as shown in Fig. S5, This should be drawn full size, 
’with ill the components Involved actual size. Having cheeked 
tlml there will be no ‘'‘crossing" connections- ■ rearranging 
ciim|irMii-nt poritioru to avoid this, if necessary -the required 
farm of the copper land" to- produce the required "wiring" 
Ctm hCCtlons can then be drawn in—Fig. lib.— marking also the 
hob- portions ibr the variouscomponentkadi, A tracing should 
ihca he made of this primed circuit design. 

T3ie drawing produced represents a view of the "piain’’ side 
of the printed circuit. panel on which, rhe components are 
mounted, The actual layout pattern for the copper Inndi Ml 










































I OO IKSTUirCTTO WH TO Tt A IVI Q C OWIT R IT OTOB R 

the reverse side Is, laterally inverted nr a “mirror image" of 
this. "E"hus turning the tracing paper over and tranaltTring the 
pattern to the copper si Hr. t.[ a claim will produce the 
required laterally inverted layout Tor the copper lfttldt-FiJ. fiy. 

TleEs layout rtprescnU rtie actual area* of copper required. 
All i>nr rest of the copper ii unwanted and has to be etched 
away. Tills is done by ItnmeTringJ Liar panel in an add bath 
which dissolves the copper. To preserve the required copper 



Lund areas, therefore, these have first to be protected with a 
ranting which prevents th em being attacked by the acid during 
the etching process. This is done simply by painting in thrae 
■area' solid with a suitable H h*iisL”—either a special resist ini 
made for the purpose, or, more simply, just quick-drying 
cellulose paint or model dept-, 

With simple circuit* where the conductors sue nt>i crowded 
together, painting in can done freehand, The outline* may 
be a little ragged as a consequence, but this will not affect 
the efficiency of the circuit. With a more compLicjucJ circuit 
it i= best to tackle painting in as a proper draug tiling job, using 
a ruling pen for drawing straight lines and compasses fiw curves 
and circle!. Professional printed circuit. 1 : are printed in resist 
ihk from larger scale drawings prepared on the drawing hoard 
Mtd reduced photographically to the required die. 

With nil the capper land areas suitably coaled and blocked in 
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with " resistetching is then a quit# Uraigblfonvard process, 
nnce the resist ink or dope has dried, Firtf, however, the panel 
should 1 st cut to the required overall siir.r, uring a hacksaw os- n 
fine tzior saw. Cut edges can ho smoothed with a fine file, m 
necessary. 

There are a number of simple solution* wTtich can be used 
for etching, A fairly strong solution of feme chloride to which 
hat been added a little dilute lyd.ruchloric acid is excel lent. 
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Ordinary dilute tiitric Acid con also be used, although iliis will 
"gas” ttunc lhait the ferric chloride solution. 

The dyking tolulicm is poured into a shallow tray yr dish, 
such as the lid of a plastic sandwich box, and the panel to fie 
etched immersed in it. At normal room tcmperaUnc fruit 
chloride solution will cich away the unprotected copper arms at 
a rate of about 1 lIsci-li per nu minutes—or take 1 oughLy an 
hour to etch completely normal 3 thou foil stock panel, katc 
of etching can be ipcedcd up by using a warmer solution — 
with a bath temperaiurn of 70 degrees I 7 the etching dmc will 
be halved, compared with the tuEurion at 50 degrees 1-—and 
by gently agitating ih. solution a-: etching proceeds. 

The panel should be. Ecfr in the bath until all Lhe exposed 
tapper areas have cleared, i.e, lutve been dissolved away. The 
panel is Lhen removed and rujfld off in running water. The 
dupe or resist ink covering die copper hnoU b tFicn removed by 
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w iping over witEt ji suitable resist--olvent in the 

case nf a reaiu ::il, nr diipotbiMJCiS in ihr aue of cdlulorc 
paint. 

The final stage nf preparation then COmrisis of drilling the 
board to take the component leads), This b a fairly straight¬ 
forward protest but, for belt results, (he following precautions 
should be obwncd: 

(if Always use 3 Jk-w drill ur al least a drill which has been 
correctly resharpened. 

(li) lufse a drill sue slightly 1 irgcr than the component lead 
diameter but not 1 m much oversize. 

(iii) Always drill frum the CDpprr sidle. 

(Iv) Always support the back cf the panel with a picin of 
hard wood so that when the drill point breaks through it will 
not feud to tear or split Lite surface on the laminate on that side* 

Before at tempting to assemble components uti any printed 
circuit panel, whether freshly mode or not, it is td clean 

the copper lands thoroughly. They will aJmcixr on thinly have 
become “fenperprin ted' 1, with grease, or dirty in Mi me way, and 
solder wd]l not take: effectively to pui-Taces which Tire not 
bright clean. One nl the most effective way* nf cleaning 
a printed circuit panel is tn scrub the copper side with is 
domestic abrasive cleaner, or 3ne *teel wool, uatfl ill] the 
copper surfaces are hri^tit clean, A gOi>d rest oF rt&ttlline^ is to 
hoi d the panel nn d e.i a tap, co| >pr-r '.ini up. If tin- w iU v r v. e is the 
whole area and rum evenly <jvhi it, (hr Surface is dean. IF 
isolated patches of copper n-rnaipi dty, thi w up; almost cer¬ 
tainly covered wilii grease and rpqtnre further cleaning. Time 
spent in cleaning a panel properly btlbre (Hurting assembly is 
not wasted. It ensures, a quicker and mure tothfactOryjub when 
it comes Mo soldering up, 

A satblactury soldering job also depend* on using a stumble 
iron, Small-sue electric soldering irons are tri variably used for 
printed circuit assemblies. An iron with a inch diameter bir i. 
about right lor most general wort—not too large to Liaurilc 
wiLhin a fairly confined apace, but Large riiough to retain 
enough bent for more or less continuous work. A smaller inm 
may be necessary with miniature and sub-miniature as a cm biles 

e.g. a j 1 , inch or even a inch bit—but will cool rapidly in 
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making n Topic joint and may need time Co heat up again 
before tackling the next joint. 

Apart from cleanliness of the parts to he soldered, the most 
imparUint factor for successful soldering is that the iron should 
be kvt enough. All joints should be completed in a matter or 
three or four seconds, no longer. If the joint does take Longer, or 
has n pasty, dull appearance in this mint, the iron ia not hot 
enough. If the solder docs not flow evenly over the joint 
although It melts readily enough, the iron is hm enough hut 
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the joint surfaces are dirty. You cannot do a good job if Lheyj 
fauiti are present. 

Components such ns rest;tan and capacitors are mounted by 
bending the leads with lingers—not pliers—to match ihe hole 
sparings in the printed circuit panel. The component is then 
pushed into place in rest flat against the plain side of I he board,, 
either horizontally or upright (fog. SB), Component* are 
mounted one at a time and snidered in place befims proceeding 
in the next one, being permanently iixed hv soldering the 
protruding leads to die copper Lands, There are c11mr baric 
methods of doing this: 

(ij Cut off the leads to stand proud of ihc land a by ahbui 
, 3 a inch (not more) after mounting the component, then solder, 
lit; Snider in place first, then cut off surplus lead 
(iii; Cut the Leads ofF rhnrt after mounting, then turn nver 
against liie land to hold the component in place and finally 
polder. 

Me thud i'i) usually produces the neatest job. Method (ii) is 
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prcbntily casieT* Method (m) takes longer but holds the com¬ 
ponent located wMbt the soldering is being completed. It is 
less suited to crowded drouita, however* 

Tiiin»i:i«.ra require qwcial ton • iteration _ since these are 
readily damaged by excessive bent. Unlike resistors and espici- 
tors they are invariably mounted proud of the panel, allowing 
at least a Jf inch of lead Above tbc panel (Fig,6gJ. Since the ilnee 
leads from the trmsislor are bare wires it is also advisable to 
cover one [ur aU three) with ;i Eborl length n! sleeving. This U'll 
guard against the possibility flf (he leads -shorting- Equally 
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important is to ensure that the three transistor leads are 
correctly identified and inserted into their correct holes in the 
printed cirtdFl panel. 

Provided your iron is hot and your »ldering technique: 
satisfactory,. ytm can solder transistors in place without using 
the recommended "heat sink/' All modem iranrisl-nni Can 
[Like the heat or a soldering iron applied to ibrir leads morn 
than 1 inch iwiy rrom the body of the transistor for ten seconds 
without aufferiru; any harm. Thus if you ran complete pood 
j 4 ieeli■; in three seo'ittds you do not have to boiho about heal 
rinfci/ 3 if you prefer to H play sale” grip fetch lead of I lac 
transistor bring soldered with it pair of pliers 0" a crocodile clip 
with, the javrs fdriL Hat to act a "heat sink.” 

Excessive heat—i,e, the iron applied ton long to one area — 
ran resutl in damage In the printed circuit itself as well a$ 
components hy causing the copper land to "lifE” If this dots 
occur, it ran sometimes be stuck down again by pressing in 
place whilst still hot—but not with the iron. Usually, however, 
it is unttuary to stick back cm to the laminate with u suitable 
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adhesive. *' Lifting" of the copper in this manner does rad impair 
The efficiency of the circuit, unless the copper is broken away 
from the rest of the land. IF thU is so, it will have to hr J rcon- 
dected by soldering a short length of wire- in plate. ^ 

If ,1 fMftauuirf has to be he removed from a printed circuit 
rand For any reason—e.g. it may have been soldered in the 
wron g hole—Extreme care is needed to avoid overheating both 
of the component Mid the copper- The ttfeit way of removing 
a component is to cut off the kadfc The st ub ends ofwtre can 
ili en be removed quit at a time by heating the colder and tapping 
or blowing out. Alternatively, the n.ew component can be sol¬ 
dered in place to th< stub leads. U is very e*iy Lo damage a 
printed dfCU.il in trying to remove component*. This is why it 
j, Ml important to check that individual components are 
poMtinned correctly during assembly. 

AH of the designs described in Chapters III (0 VIII lend 
themselves io printed dxcuit assembly and do not present ton 
great a problem in circuit design. As A general gllld^ the physi¬ 
cal layout nf component* should follow the theoretical circuit 
diagram as dctely ns possible to obviate the problem of 
"trostmg* conductors. This also provldea logical placraneiLt 
of the more bulky ccmpoOCnLi. such W the aerial Oil assembly 
and tuning capacitor. Battery and phone connection* (ratcrnal 
wires) are made directly (0 terminal points on the printed 
circuit panel. 

J 1 r[Ntt.d CiRCT.rrr Lay lilts 

The fallowing four pages give component layouts and printed 
circuit drawings, both actual size, for receiver designs Nos. 4, 
5l ti and 0 described earlier in the boot; ihc die of printed 
cifLuit pam l used is 31*3 inches in each caw The printed 
Circuit panel diagram should be transferred directly to the 
copper ride of the panel and the black areas pain Led in with 
-[■Mist ink or model afroal"! dope, after which the balance of the 
copper foil is etched away. Ihc panel it then completed read^ 
for iL-sembly by drilling the holes for the component lends and 
for accomodating Lhe tuning capacitor (Ci) and ferrite rod 
aerial clip*- 
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nurtect tuclETT pclariir niun b= eibKXVEd, 
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bROADOAST FREQUENCIES 

K-aiho ucaiifjiu [lth comm only mrtrntil'ied by itic ul their 

triinsmioJcHu Lue from cIlc technical poim of view it u |Kc fn^atmy 
of die lr:LM- rri:!.I' ll ligcull which II lhe lignif3rj.nl fji-Cnr for deter¬ 
mining the valura required fur the timed circuit- The btuic rdi’ 
tionslup is: 

Wavelength x frequency = vetociry of Light 

Wavelength ia normally quoted in metres, the correapondi ng 
vcturiiv of light being 300,000,000 aietia per second. Hence t 

Wavelength, (in itieires 1 x rr«iu*iacy (cycles per scctuid) 

= gno/XW f QOO 

or wavrirri;; 1 1 1 (in me nr es] K frequency (in kiioeydea) 

= goo.,ooo 

or wavelength (in metres) ■■: frequency (in injegacycEia) 

= 

The two main twiiujkiiirt “bands" employed 5WT lhe fnng rearr arid 
JjWiuWl !Pjr« bantli, defined aa: 

Ling wave hand—600-2,000 metres (500-150 kUncy-rirs/urrund 

frequency) 

Medium wave band sw-Soo metres (1,500-500 kilocyi Vs.'ierrmd 

frequency) 

lb addilien lUimernuF station! bxn kid Cast 013 Lhe rJwrJ K'QT’f range— 
ia-200 metres wavelength (jQ-i'S im:nacycl« l l Eeco!i'd frequency). 
Fraquencjeaartdghcrvahee*rtiU [i.e. above to tuegacycies per second) 
ajc distalied as ultra-shnci wave or V.H.F. (veiy high frequenry) 
trailsti lisr-ioiu, used- for special l:nudial ilicLlities. te]vision, radar 
and radio comm ■nkaikn', etc. 

Tile wavelength and frequency of tuitions! hfOUdCHlsring Station* 
ia given in the Itadip Timer, Simple rreeJvtrs of the type described in 
this book are tnmriably detigued to receive stations hrnarlcitiiing 
utt the medium wavr hand (alici Ion# waveilatiofis, with a tunable 
mod 113 cat ion ed' rnL[ design—see Appendix I El-alth^ugh iJle 

tie 
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niizLil'r.i uf iiaiions avail all If on the luriv wave band are very 
I united). 

Tire Liijii PTopmimt ($47 metres of 1,014 lcilacycieg/recond) 
c<:mrh at uise end of the nVftliuctL wave hand ; the Tjftitd 1 Pregramn 
(464 metra or §47 lutacycks-secotid) ai the other end; and the 
H ™I Sirtia {33a metre* or pn 0 Idlucydesi'sceond) roughly in lhe 
TTuHdLr. Thus the valuer of the tuned circuit capacitor and inductor 
(coil) arc normally designed in tune into the light Progiammc near 
one end nf the full travel of adjvstinenL, and tlw Hard Programme 
near the nth-r.r enirtme, there two *utien* thring Hied, as check points 
for retting up any initial adjustment required and ahci, if required, 
for calibrating the tuning cootrol. 

T his. , of courw, applies to receivers operalcd in arras wlufirt flood 
signal strength is rer-ehred from there National 11310101111*0. laudier 
region atens, reception may only be possible froni* c-g,; 

A&fW metre* (i,o 83 kilocycEesi'ieoamd} 

Jiotih //iinw +54 metre* (fofa kilocydes/recond) 

AprtAitrra hcIcMd (Wmw>—flG 3 (1,151 IdlocycLesjaecanrl] 

Squish Hvmr —371 metres {0oy tiloLydta/reeondi) 

LTidifc Hirm»—341 metres (Jtlt 1 kllocyela/iciiotsd) 

Wvt U'-nr -Li 05 metres ( 1 , 05 s kilncydcsnccondl 
aoG metres (i ,457 Icilocycksisecotid) 

The Lipkl Pyc^Tinnmr is also h-Tnaricast an lIlc long wave hand as 
1,500 mcirra (200 hilooyclesj'setondlr 

Foreign rtatiuna uF high power which may hE revived under 
favourable ccmditinns iiLclude; 

LujwrttiLiiws—200 mrt™ (1,442 kllooydcsi'second)' 

/lifrtrrtfflii—402 metres £746 itJioeycles/recond} 

Aihiar *—530 metres (yjtt LilucyclL-Si'secoiid} 
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USE OF LOW IMPEDANCE PHONES 

If* the working circuits described the use ofAtjfc imptdaat* headphones, 
or a impid&Kt deaf aid earpiece is tsienttal for proper perform- 

itnoc (except where stated otherwise in cite description). Typical 
values of available anknaeii] component! tic: 

Hcjidpli.icu’-—D.C. i• uner 2.4.001J duns. Typical impedance 

l ri.ooo uIlliu at i Ku.'j 

Deaf-airi r-arpiece—D.C. ni: is.Ln.ncfs a/MW n;imi {typical Lftijsrdju'jcc 

7,500 rihnu,} 

IkiaijCcd :r ni: .11 u re unit Tl.C. PH.wi.ancr □ bunt fin whnu {500-5,000 

ohm* impccUpcre) 

Any values within these limits specified should be satisfactory. 

To employ low impedance Itcadphones, a low impedance de-iif 
aid earpiece of a moving 1 coil .speaker In these cireuLti (the latter 
only suitable where output power is of a suihctently Mgh order), 
the phones or speaker muat be coupled to die output with a matched 
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transformer^ See Fig. 78. This transformer am to supply the ncces- 
sary load in the output circuit, the phone (or speaker) then being 
inductively coupled to this circuit under properly balanced 
conditions. 

MS 


M 3 



T!lc trajialjot'meir required Lben provides a "step-down” of this ratio 
between output circuit and plumes. 

Suggested m triable typer art: 

HciuiplrtHira - D.C, TTsuianeif; 15 ohms,* Transformer ratio 14:1 
D.C. rrantiuspe So ohiriR. * Transformer ratio 5,: 1 

Low impedance deaf-aid earpieces— 

Typical values are: 

4 ohm D.C. resistance (55 ohm impedance at 1,000 e^) 

14 ohm D.C, resistance (60 ohm impedance at 1,000 c/s) 
do ohm D.C. resistance (250 olini impedance at 1,000 da) 

A matching transformer ratio c.ui he calcuhM according to the 
value employed, taking 20,000 uhtm as dciirrd omiput toad imped¬ 
ance for .uWiVn 1 3 and p: 

4. ohm Ksaitauce—uajufnnnpr ratio 35:1 
54 ulitii nisi* 1 ,’li h, r—Irani former ratio |F):i 
Go ohin rciiiLmta:—trausfbrmer ratio g:l 


LuudijMiuxrr.t— 

All mm ijiurr ipraken have a D.C, resistance of a o-lims requiring 
the following Iranifnrmer ratios; 


Fru 10.000 ohm output load impedance—30:1 
For Hii.ociQ ohm output load impedance—41 tx 

The abuse !lii of Inudipraiera are suggested as suitable miniature 
types for uje with the small transistor receivers, where suiTideui 
A.F. power it available to operate, With valve tifeuiu amplified to a 
luflictant drjjTm- for speaker operation, Itu’L'er moving coil speakers 
nmy be rmplriyed, of which there are a wide variety of types mid 
diKi available, I s*.e requited transformer ratio can readily be 
ralculaied frnm ihe quoted impedance of the speaker and tlae 
u]jLimurn anode (narl figure for the output valve; or alternatively 
inaLuliiug tranjformm mny be specified with a pnrticuliLr speaker 
for me with particular valves, 

A= a guide to tin: suitability of it pantcul.tr circuit for the opera- 
riou of phones or spriikcH, the following are approximate values of 

* Thee MT TWO rypMaJ i-Ul.rd (ut kiUr . M.|.nl.Lin r La'Ludpkuam, 
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I } INBTKVCTCPNP to RADIO CONST R 11 CTO Ki 

Eijial ainJin- frequency current required for RutirfsinLnr} conversion 
of JuLtiu -iimijfnrtk energy into audible sound (prc«un: waves) s 

High. unpcdAWM? head pb onp -“TlLnabciM of»iuhbIliiy' L lipprosi- 
matHy lo jjA (Tnii r dependent to some extent qh the 
fadii rictual, some people hring mure adept th^n uiLtra m 
ticnring weal: rounds, etc.); 

mA—Minimum level for condo rtaik listening, with rrmectifrii- 
tien; 

taA—Level for easy [Lstening {found tail be heard with pfremej 
removed and laid aside); 

Over '5 mA—'"Swamp" tevd—ptionrs overpownml, tr-uuring 
distortion* etc, ,, - 

(Mutet tbe biting «if a volume contml -a™ Appendix V i i 1 — 
la a s liitkiEi here for reducing volume in a eossidbrUibJe level 
and eLuimiatirit; rlriLnrLcim druVHJgtl overinadmu;). 

P'or p iprratii in. cl" a loudspeaker .ui audio power output oF the 
order of 5 mA Ls required. 

Trantlormer cuuplLng of tow mipcd&ftce headphones ut deaf aid 
eat piece; or low impedance loudspeaker, ls as shown in Tig. 57, 
TUia coupling ran be used in dnjr of the circuits described fur using 
low iiiipedance headphones, replacing die high impedance head- 
phuiiea with ihn primary winding of the (xus is former. In. die ease 
(if loudspeaker oprrtdiun, transformer ecupli:^ must lie used. 
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THE TUNED CIRCUIT 

Fi n practical purposes ttie luncd dmuit comprises a coil of a certain 
rn.^n.-j.Tn.-j cuLuiected Lu parallel vvis h a rnporiW LU a complete uutliit. 
Being vnrun 4 from wire tbe coU will aim inevitably have a certain 
Ternium*, but tldi can be ignored for the purpose of calculating 
component vniuei mqidftd. 

Tile rfjijT.mrf of die eml Es, however, significant Li aJFecling the 
rttolieiry of the tuned circuit,, i.e. its perfunnarccr na a selector of the 
wanted signal. A low roll redstanoc gives. a sharp "peaky" timing, 
wiiilit with increasing coil rrslstaucr the pent of the nn.punae curve 
lirnuuc: flatter or broader and thus capable of briny in rcsniiifice 
with MLitnaii. aver a frorf ol I mqunicjc.i utcher than at a specific 
fraqucniry uLdy. At the nun? timis tit* at^rM^iwi of the mgsttil 
sigiuil received when adjusted to rraonucici: {i.e. when inncd 10 cite 
original styii.i]/ decreases with imin’a'.Lng coil resistance. 

Thtt ^mayniHcalion 111 produced in a rnsutuuii circuit is referred 
to at ibr “Q.'\ A "hrah-Q.” coil, as used tea- Btuumum selectivity 
and nuntimum perfJ! rnajjce, is therefore ramritlaJly a low rt-ditance 
coil. I nr ihli reason large] diamclcr wound coals, using thick w wire, 
are more effitfettt than small ooLb wound litmL lIj inner wire (thick 
wire having Irsi rleriricid tesistance thMi thin wire). Sit... ! cuLLi 
are* however, rrumtial m fit Into muiiAtiire wt* and so a compromise 
on sbe ustuilly hat t» be reacised. In smalt aerial cults the ftHclfncy 
can be imprewed by the form oS r. indinir emplraj-cd, arid by the use 
uf iron-du vt tarni whiidi luve die eFTect * i inmeaaitig the s;v.'Avirloner 
of liic coil, Such OOFta. are adjuaULbte in posilion in the Cdil, vvhicb 
type of adjustment aim alters the tiidvf/Aiurs of the euEL 

Ilie E-tandacd luninjg cnib drairibcd in Chnpteis Til and VI are 
wound on a _^nn'jf which Lnereascs the efficiency or «r die 
coils in a similar m-wnn. 

In practice in-r circuit may Ik toirJ, L.c. (tn remnant frequency 
varied, by varying the induriantt of ch-e coll, by varying lh« value 
of the capacitaricr, nr iy ’.a.r^■JllL■; value' I I is generally niuft 
ccmvenicnt to use a mylJ (T fisod isiductance when tuning is nxeotn- 
pli'fierl simply isy adjusting die eapaciljncei (e..R. hy mavemcrit of 
the vanm of a variable ecrtidctlsCf, thus nltcrLnn its. capacitance), 














j|6 INSTRUCTIONS TO KAUICI CCJ NSTROCTOliS 

Some additional mdjustineEii of ceil inductance may, however, be 
useful for setting up, particularly if iLe component values cuuecTtied 
do- not quite give Ehr range of timin g required. 

Equally, the capacitance of the tuned circuit may h* fixed (or 
variable, for initial Ktting-up adjustment’! and tuning KTompHihed 
by varying the inductaticr c-i the- coil by means ol‘u dust rere or, 
uuut conveniently, ntovenwcit □( tlw: caul along a lenrite lod {width 
u also effective aa an aerial), Thii In LLrr form of tuning is, in fact, 
■mad mil some types of miniature traitiattar receivers. 

The basic requirement far liinim; js that the resonant frequency 
of the circuit should correspond to (be Ircquenc) 1 of the signal - The 
resonant frequency can be calculated, trims tbr formula: 

Resonant frequency _ J __ 

(eyeltj per second) air i/ZC \ f Z£ 
where L is the inductance of the coil in henries 

C is the capacity of the wndmier In farads 

The range of the tuned circuit Li niutcbod to a particular br-:>:iJ- 
caai band by selecting component value* kj Liiat by simple adjLut- 
jariLL ike circuit is tunable over thr whole of die band. I hat h u> 
say. Eke utrd(ke resonant frequency values obtainable must 
correspond to dm twu extreme limits of ihe bnudeast band. 

In prautire Lbic cod inductance is normally fixed {except for 
provision to make small adjustments to the inductuict for setting 
up purposes, e-g- by adjustment of an iron-dust core, ur altering die 
position ofthe mil H a ferrite icrf). TIlc fixed ro:,iI iuduLtancf chosen 
is matched in n splccicd size of variable condenser jo tii.it the com¬ 
bination meets the requiremcnEs of being tunable over dm broadcast 
bond required. 

In the case of the mediom wave band the ran^e nf frequencies 
to be covered is 500 in 1,500 kiloeii'clesiscoond. Typical values od 
cunlng condenicrs employed arc il>um:u j.l]y 50 to pie-ofiu-ads, 
the actual capacity range of “swing" miiaLly being as fcdluws: 

Typical air dielectric tuning condenser—Capacity swing 
frnm aliaut tit, plcalkriids mi nim um up lr> nbuUt 4jO pico- 
filldl iruuiimusrL. 

TypioaJ mica. “postage stamp” Dcmdesnsrr—Capacify swing 
frnm about lao pieiifarads minimum to fi™ pLcniumtla 
TTWtriTULinir 

TEut inductance of the required matiluut', tuning cull can be 
calculated acecurdingly, e.g, checking at each end of the frequency 
band to see that the full range of pn^ibLe nesonanT Ircqumcjea is 
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achieved- However, cafanktion fur ilic physical d esign of the cud is 
U» rnmpjrx tn consider iu detail, die required proportiniu brinK 
best arrived at experimentally, 

Kegudiff tlte operation of die variable condenser, it is uwM to 
remember tiiat die oondensrr will have its maximum vuLue of 
capacitance when, die vanes are (tyly closed; and its minimum 
capacitance in iLc fully open positi™ (i.-c. with the raadrwr fuELy 
open the circuit lx timed to the low frequency end of the baud, andi 
vice vena}. 

Suitable coil dralgm giving the required inductance value me 
sii(:.wu ill Fig. Jy. All arc wound from 3# s.w.g. enameLled copprr 
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vrjjt, or jrrrfrraMy gH s.w,g. double (ilk oovn-ed o»|ij>rr wire. CSoil 
(ffj Ld tor standard type specifier! for toe majetity uf the receiver' 
dcrcribed in the bon It. Coi.1 (£]■ employs u-aau&jrtrjLr coupling and h 
used wiOs the reflex drcuicE of Chapter VTL B.>di mih (u) and (ti 
arc wound on a ferrite rod, which uho ucla ar an aerial. Gail fa) u a 
larji;c cluimrtcr air tore rail IlliLablc Jut intdjum wave reception 
■widi a pood r>;i-rrn,i 1 aerial attached. It ia not pnabh to produce a 
Runil hiph-Q coil in this manner and Lt ii intended onty far esqoeri- 
meritftl use (we Chapter VT) + 

Coll (*f) is die same air core coil cidargsrl trj give an inductance 
value suilahle fut Jojiu; wave icreptinn in conjunction with a 500 pF 
tuning condenser. In this case an cum tong estcrnal aerial will be 
essential for satliEmary nTi-pii-un. 

Anjunun CotL Inductaxce 

Cbib (aj r U) and (rfj we wound in the Form of aiiiu- ij-aniliinnrn 
for duvet coupling <0 die diode delector. The tapping priini: u 
always ti«utfl 1 hr Mr th end of the coil in the circuit 

Usin:; these :,.isre designs, (iLC inductance of any cnil ran be 
whterd ;>y rPTO-PHif turns from. dtliCi end; or merra-sre! liy adding 
luma ir> either Hid, Id Crfdtr US retain the MXtn-Lr4rWaCmer 

“balance" in the case of ends («'! r {*} and it}';, lunv ilwuld always be 
rrnusved, or added, in toe 3/am* raiin lo the lapping point. Since toe 
tapping point comer at appuudmaudy one-third the length of toe 
cnit, tiuE means adding nr subtracting inn-in in, the ratio of 1 lo a r 
considering the earth end uf toe end bni. For example, two tarns 
removed from 1 he earth end nf the cn l must he balanced by cttnnv' 
ing a :e a- = 4 turns Cmui the other end, and similarly. 
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GRID BIAS AND GRID LEAK 

Tlta purpose of I hi: irrid Leak rtiistor (R^J ii to provide il D.C. path 
between the grid and tin: caLhodc WLtlirtnl krading the pinvioui 
circuit {see Fig. Bo). If thr bias battery wne simply winiuscietl n> 
the grid wilhcutt this rrsistnr, the resiiitanee of the [ato fram tor 
grid to tilt cathode is only the internal rewtnnce nf ih»j. battery-— 
a uitlrr of a few ohms. Thus the load ral-stor R^ would be almrui 
iburr-eircuited,. as iiir as audio frequency is concerned. 



The value need for Ft,„ dora anl aJTect the grid bias voLrapir, since 
no npid current flows (i.e, the gnd Luiu drarit Li nui “cotuplcLe” tti 
the D.G. electricAl sense) and brnce there can tie mu P.D. drop 
across K^. Hence its value is nnt «-riiirjil or.d b dmim pumly 10 suit 
ibe hrst mentionfcd Tpquiremrrit, * typi-ral value Lemg 1 to 2 
megohms. 

It will be iipprecialerl ru.it a. grid !^aLr^^^^ln^ afuirdlar value must 
be retained in ether crmiits nsiric diilerent mrttindj of applying 
grid bin? Mnce all these fcnrnu invnlve a 3 nw fpid-tu-tnibudt: D.C. 
rcsErtance unlo* the grid leak ir-shtur b included. 

Cji^w Niw a the comcnoowt uieihnd nf obuiining arid bhu in 
mains receiven using indirectly limird val-wa; i«e Fiy. fit. Here the 
bias mirtar i? ermnerted belwocix toe cadindc auil tritlJl fhJgh 
teosicin negative), iuree Lhu nautni' cirrici D.C. lit ode current it 
U.H13 have a rtirer.t pnietiLial dilleraLae developed across it atld will 
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lH drop“ a r«rtain voltage to make the cathode n few vnlt* pmitdve 
with respect to eartlu The value of this resistor R p to achieve the 
necessary lint vol tnjge u readily calculated <15 : 


K 


dtsired grid bias volts 
D.C. anode current 


The capacitor C is employed simply as a by-pass for at! audio 
fcL-.3uci.Ky anode cuttctii components, Its value la chosen to have a 



F10. Hr, 


ruitalily tow reactance at the lowest A -F'. values likely to be encoun- 
tmedj wisest It will automatically have a smaller reactance at higher 
audio frequencies. A common mine forC i**J inirroCtraiis (electro¬ 
lytic: cqiultirtierjj wbkh corresponds to a rraruttLcc of 200 ohms at a 
frrqueney of 50 eyefes/jeccnid a and less ihan t ohm above 6,000 
cyeies.'mcond. 

Hiss pulittgf Jtem (hr hw tiiuien hutlnj supply {Fig- A-) can be 



arranged Id small battery rennlvrn wills directly heated valves, to 
save the: use of an additional pred bias battery. Here the grid leak 
Is returned to the negative side nf -die lilai nmi so (hat tlir grid Is 
negative with respect to e^-rth. wsili ;l stegailvc voltage cormpjndiisg 
to the low tension battery ruSt^c. The average poienibd of Lhe 
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GRID R1 AS AHD tiklD LEAK 

fdament (cathode) is negative am Mf of lhe low tension vdtagEc 
Hence <hr grid la a simitar value rairr uqatm [turn (he avera^ 
fLbunent ptiicnihd, this being the amount oF effective gnd Idas, 
A third methud of providing bias without the use of a separate 
bias battery 1 ji by means of bias rcdiLOts (see Fig. B3), This is 
iJormaELy never used for supplying 11 n "r^i'r stage. 



The cathodes of the vulva are connected directly to earth bus. 
high tendon negative ii ccmnteted to earth via. muitiis Ri and && 
in' sedL-s. A D,C. potential is therefore developed across th™ 
retUtC’-n du that M.T. negative ii effectively * few vults negative 
with respect to earth. 

The potential difference across each resistor can readily be 
cairn La ted— 

P.D. amiss Ri = res la twice ft* K total HX cuircnt (ampa.) 
P.D, acnaa fc = nautucc A* X total H.T. current {amps.) 

Knowing the total H.T, current and the voltage drop retprired. 
the respective vidues oF Ri and Rz eats be calculated. F<sr ctpuiL bias 
voltages R l and R'J will be equal, the connections to the valve grids 
being made as shown. 

E*ajnplru far a rucfttttive bias of t-5 volt*! calctilale (hr values of the 
bias resistors required with i tsttl H.T. current consumption of 
30 milliamp*. 


Ri — Rs 


15 X 1,000 
3 * 


= 50 ohms 


It should be noted that with this method of providing bias lhe actual 
high tcnaiiHi voltage to the anode is Tt4tt£- nf by the amount oF P.D. 
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•drop across Ri and Rs, i* in th* case td die examine juit quoted 
by s ifoits, 

(ItLpaciEor C must be- iurjudrc! in the circuit 1* -boL&te rhe 151 ids- of 
die valves from wsy nttrmaiin t; rmnpriEimL; in die anode current 
by providmjf a by-paa Jo earth, with negligible resistance (reaei- 
nn.ee i, compared, to tha t offered by the reputon. Typical values Jbr 
C range from about j microfaradi (never less}, up fa about 50 

mio nfonuk, 




AH-mra V 


VALVE DATA 

The fuLLowLiiR is a ihort list only of typical valvea which may be 
employed iit the circuits discussH in Chapter III, logedier with 
basic opEraiiiiLs data. It la impossible, nnrL tftmueicuuy, to give a full 
list ml available valves and the omission nf nny particular type does 
not nrci'afariJy mean that it wouLd be umuifahlc- Any tm: J amateur 
radio ihnp shciul*] be able to give advice on the purdme <sF luitabEe 
component? for a particular circuit. 

The valve* listed arc, ELL actual factp Jinf triudfa but prntaths, 
featuring two arldiiinnnJ grids. These ase partirstUrly iW-ited fa dir 
di-ctuls described and readily available and are ussd a* triada,, 
simply “stiappintt" 1 or connecting the additional (rnd eVmrnts 
directly to the anode and eatltaxle, resjpcctiveEy see Tigs. 04^5, 


4 



&7G WLVE 3A$£ 



BBA MLVE&4$E 

I'n 84, Tui Tto-Vaiu Efurs Utit VlIWWi ftai L'hdebsoib (ix tm * 
tomer or Wuima Ur). 
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/±\ /3S /±\ ^ (2^ 


*K- 


JCJ3 




a^ou g ^3^* 



4 * 


J-fvRj 


Fla. flj, Dfeujm*ii jtwmvtko the EfrlRimAi- Obi,™ ■ it or nil VaMJCh Valves 
■KK iHKi, wp It* Nltetiju Markup*— 1 1- wlim pTupjr^i inrto It"- r ^rwr lw 
bai« ihc liuu: jniii -.il tin Jinx n>'-"f.ra I'lianccl So cne vnrianr «»'-|.i umi 
parti rtf iho unl-rfi u ahum. In. the eptr cd ill* ikiuiile Glamrnt v»i*n I’icing d 
B vC hs.T, n in:. it clrtf pina i and TYfilb a wirn anf means Lhai i I'j-rtli !'*■- 
muicn HjbMctt ru. Ini employed, ific L.T. luiitry enmstlcai being ir^ilr ■■> 
lIiu iinp (i.r- Ln jii., i ur 7 , u tonvcTuciit;- a-iiJ cn fjji l. [a die cair die 
laAU-j vnlve„ piip + and 5 ilk- Hupped k- ijulin; ■» £-1 »<Jc btalnr nippJy. 

For luLnq Uir JTi, QFg : a DF rfi in l!hr rm.-nli ■:! In*- =3- d* ttiIve :i cun- 
DKtfd a,j p irioilr [iln J m pui j. Similarly Id rXnm.-.! my .eher cf the periled* 
•’five cLcrticii!« vmleo lliemn aa ■ trade, KraqJ««e«*■«■*! grid inibe nrode. 


Use of W.af Valvb ik Ra. no 

Filament (i '.l volts) cojuiecla to pm> i [cii^auvc) und 7 (poHtivr}. 
High [cniiinn ( 4 Ji veils) conncctA to pm* -a (ptisiLiv^} and i (n.E'^aovc). 
Grid cnnoEictJuEL to piti fci. 

Pin ;i; iHnulcl .iJl:.' eot'uiecl ID ll.T. pli-S. 


VAIVR DATA 
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Rclumheitl tii Valvm roa Fw. iS 


(Triode ronnivfj-:l w Fig. E 4 I 


T^i 

WrfF 

LT. 

rofrj 

w.r, 

min 

Grid 

Hts 

wits 

*5k*~ 

r*‘ 

jDllff 

la 

IT# 

Bririnr 

i'5 

90 

O 

■J 5 mA.'V 

B 7 G 

W9l 

Ml lhrl 

t‘5 

9° 

<1 

‘ 7 n mA.'V 

thu 


Mull 1 nli 

■ "5 


D 

■D 5 mMV 

ft 7 G 


REDDMMEBtli-n V*LWH ID 1 FMM- 19 & =4 


fTrimtr crmi-tcued ia F%. 64 (• 




LT 

ILT. 

&id 

Ojuimiri 

J:'.-ui 

Tjp 

Mdia 


iMorfe 

St 

wiii 

j-ii'.'j 

WlVr 

i'lh: J 

P 

DLj] 1 

IHUiIIrr) 

14 

9b 

>po 

KvjooU 

Bjt3 

DLga 

idTiUifi* 

■'SfJ 

9° 

7'“ 


BJW 

DL 54 

Mu U* hi 


9* 

4 5 

IpI.AOoO 

0 7ft 

□Lgo 

T-tuilanl 


qa 

4'5 

lin.DODfl- 

0 7 G 


Kuc-rn/urHiiEE' Vum «a Fic- Ij 


f.irirniJ 

Tfp, 


L.T. 

rarer 

HT. 

suits 

Orilf 

Jioj 

Iv.'j: 

had 

Bart 

Itjit 

Vp 

EA 50 

— 

*■5 

■— 


— 

■pedal 
Auk bur 

VftVi 1 

pzACJ 7 

— 

6 j 

m 

il 

— 1 

B 9 A 


- Valve ibAU? ii a “twirt lrioie r " V r and Vi being- cr*in«bfd bo earl hitf 
hfapeeljvdy, oi in Fig. ad, 
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TRANSISTOR DATA 

The EflUtwring tramistoTB are ipoCtftCally irttmininidtd few the 
voriu-jj |jttfL-jred ilrcuita described in thi; honk. 

Design. no. g' 

Design ml, 4 

Design noi-J Mullas-d, OC71, Edison Swan XBio 1 *, MB103 or 
Design pn r 6 XB104 

Design no- 7 
Detign tha & 

Design no, 9 

] >n.ta on thete mid other standard imiLsLio.ns are Loduded In due 
foliowing table, All vullilgr, runml and pnwrr ratings arc flgtirej. 
■coiLiiidercd safe tor ibt amateur to vk, ll u ahvajr ad viable to Lee-p 
-,vdl within. (brae ratings. 

Sptiiiti hiiti: 

li if mi pmmmbU tx npplj iwomwe mJiege arid airrmt tc ihi 
ir.vu istvt LigtiAtr: if you do. the power rating of the tnuMirtor may 
be drastically exceeded. 

For example,, ruled values for the OCys* transistor are: 

F^p*— voto I M — 135 nrillsatnp* 

If throe miuimiira rilifigS ar e <.Litd LOftfelhET, dl£B; 

Power = volts X amps 
= 16 X -1*5 
= 3 watts 

Gnmp.ipr. wilh Ltic rrrtnims ended ni-TxImiJin power rating given in 
tlu- Lai tie, whirls is only ]£m isiilhwilU. The pravrj: being dissipated 
m tlir worked nut example is ati tqnw B5 great os (Jit ruLuig of the 
Inwjimr and would dratruy st 

Abbreviations used en table 

P^oj FWWf, Minminn permissible voltage to be applied bctwtcrj 
enSLrrinr and emiiter in the grounded earth entiGgnmikiti 
(i e. in tlie monntT txf ««■ in ihe fraiutstor circuit* dciLS ibed 
in this tmok), 

hI 


T H AN B ] H T O R D ATA 


IC(J 

j'. £ Maximum prrcoiBihte nillecun: current- 

ff Grounded emitter rnirmnL gabs, or the factor by which the 

ba.st current is multiplied in gW* the eulkctor etuncnt, 

Pj Masimutti permissihJr collector dmlpatrutt (or power 

In filin g] at an ambient temperature of 4jj degrees 0- 
Jfaii: it any collector ruiWBt tad colLeetor voltage 

ft - v* * 4 

f r Alpha or grnujjdeci base cul-ofT frequency- Isa general, a 

./"?|j 

Iranststnr is a useful amplifier up to about —. 



- r 

Vn 

A 

Pf 


Jh 



Tup 

Sm-wr 

rW.ii 1 

AliO 

mijir. 

m.^ 

ra-cr- 

m\V 

V 

Afej'j 


-'.J.iJ-r 

OC 71 1 

A_F, AmplilinT 

i-D 

ED 


4? 




ODj-i 

,\.E Qtfpirl 

Hj 

tsi 

IWt 

Tf 

0'35 





(with 


















Sq 









bcal 









■iakl 




Milliard 

OC 44 

ELF. ampLiiVr 

M. W. crdiliLnr 
M.W. ciixcr in 

10 

5. 

58 


15 





frequEncy 

etuiou'rr 








tx-u 

R.F. tiiiip.i: ist 
h.[.W. rmrllLiLOT 

40 

i 

58 


1 




NS.W. mixer 

I f. jusipLilwr 








XBuvj 

A.F. amplifier 

tS 

in 

5° 

4: fi 




XCtOi 

A.F. DoLfiijI 

16 

4Jrt 

ECO 

■ 6 & 

V 



XAma 

ILF. unjilLtirr 
M.W. titaJU i. f 

tS 

If' 



8 




M ,'iV. iiuitcr cr 







hinds 


Cicquenry 

ilidij,i*r 







L-LiiiMin 

XAiai 

ltd. sn.idifisr 
M.W. sudMnrnr 
M.W. □iber 

16 

(4 


3-i 



dwanv 


I.F. nuiplificr 
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MAINS POWER PACK 

Ih a mBim receiver both tEie high tewrUm voltage nnd the low 
u-minn supply frultl. (he Utahn viilt^gc, A.Cr 33 iiim vnlcagr CALUMl 
be used dim:ilyi however, Fmre the high tension musl be n dueit 

im-.l i h ■» ind yrIieIsL the low tmsiOH For the valve fil.UVicm hraLcrs 
cjn be AX, nr D,G, the actual voltage required is very much 
lower than the full mains voltage. Tlrese requirement are uliiin 
uin: of by feeding ihe mains into a suitable power supply circuit, 
from which the required output volumes can be reura-cted, 

The omutructiDn nf*m±i a power paii, although strayylidnrwarrl, 
ia relatively cosily, AJ«> In die case of simple receivers the additional 
cost and ccimpLkannn carumt be mnudered ifflrtlwhilf as the 
necessary H.T, and L. V. supplies can readily be met with ban cries. 
However, In order 1o complete a basic course Etc radio mgineefing, 
the principle* involved in the design and condiructini nf a maim 
power pack should he slndioJ ™ that the reader i* fully conversant 
with the workings of this part uf a mams receiver* 

The simplai way to convert A.C. mains voftage into a D.C, 
supply ia by means of a tmtisEormer coupled 10 a reettfier, of a 
diode valve used as a rectifier. Thu, is not n very efficient method of 
wurking, howcv-cTj wlulsl there is also a high A..CJ., component 
remaining after ireiifLcatian ctmiributing a considerable amount of 
“burn” (which wuuld he highly undesirable applied to ihr nnude 
nf die valves), TWa "bW‘ of “ripple 11 can he reduced, and the 
efficiency increased; by the rimpir method of hdreduems * 
coiuiiucr across the ouiput, a! in Rig'- ££■■ Note aim duit this circuit 


) 
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■aft 


MAISfl POWER PACE I3CJ 

is lining a divide as a rectifier and using an addidonal winding nn the 
inutsfonner to supply the heater current few die d:udc. 

I "he action of the reservoir condenser is 10 stunt up energy during 
each half-cycle whilst the diode ia conducting ami dien discharge 
to main I,tin the output when the diode cub oil on die usher lull uf 
i he cycle (i.e. by Jta rectifier acLion). The saint principle would, 
apply using a standard rectifin in place of Hue diode. 

However, it ia more tali .factory to work on Asffl halves of ilie 
cycle of A.C. supply, which we can do by employing Jo--' dlodci, nne 
to work on each lulf-cs ilr. On dir licit ludf cycle, fur example, one 
diode ta eonduciiiyfi will) the other cue uiT (not ennduetbig) h On the 
i_ lI icr ludf of (]« cycle line line diode Im cue off and the second diode 
i» conducting. Instead of using two urpajuU: dinde valvm, in .nark, 
die LV.'u i jij tic crnnLisncd in .a single valve rnvrltipr with a rranmnn 
uatiiodc, Lius type nf valve being known as, a datt&li rfr.wif. 

Tlir power supply circuit Li then arranged *| in ] ; ig, 8y, together 



with typical eunnpnnent values. The primary of ihe tn-siiu trim.*- 
hirmcT is lutially supplied with a number of lappings to suit d i iVerrnt 
maitiM vuJta^o—e.g. flop, 2Su p li^O. One sqj.traLr jrti-nrfar>- winding 
supplies fllirrmidnj ramnJ directly, at (he required Stepped-down 
vuLtaqc far the valve hratrrs, Annlhrr SCpHTflie swondaty winding 
iupplUn- (lit double duide filamrat r|irr-:(. ftw: nviiin iw.nr.dary 
winding is Lentre (upped, eaclL end being ronnrrlrd i-, an anride uf 
(lit double dr ■ Jc, [tie omLrc L.i|i being cnnnnclnd tn (he enminou 
negative JitlC (lumdly caedird un the cliaiads), 

Ci is the reservoir cundouer, bus elds is followed by a further 
r'JlLiLifAanj jfrj'jff, ccmpiiauk^ cither a didc cud Or a remtur ia series 

I 

L 
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with the positive Line and a second crmdcHfler. The purpose &f 
filter |j to :educe any renuhsting rippie <o a negligible level k Lhit 
A,Or hum is a,h«m in ihe receiver. The choke ™L filter » mere 
effective then it phiiii resistor in this respect, but rhe latter a cheaper 
■ind smaller in in« and often preferred on accovrii of dus, 

The ctnitor uIti suffers from a further falling in dust it has to be 

of relatively Large value (&g- up to ■,*» wllLth “ s f 

j conHcWMble vnlia^c drop rhKmgh th* niter circuit and a high 
amount of dectrie*! energy to lie dkiupated by dw rtsuwr. It thus 
lends to get very hot and must liave a ruitahle rating to carry tue 
|juwer cnnccjiaed, as well u hcmR pLaced cleat of other components 
su that it can tcceive as much ccKtling os possible. 

A i oon iiluiL mittijr, for example, will give a drop of ],nnu X 
tv .out = 50 vela for a 50 milliamp D.C. output current ( the sum nf 
the total cttffld requirements nf die high LHuion supply,'. 3n= 
pnsvtr rating fur ihii resistor is th™: 

Watts - volts K amp* = " *'5 w * m 

Suitable values far die reservoir condenser rind filter cnrdciiier 
ait usually 16 mlcrufarads, alihough one half this value (H^FJ 
may romeunwt be wed for the reservoir etmderwmr. 

In the eaoe of a duvonl at A.C.1DG. mums roceivet qmte a 
different Enron of power supply is ured. Obviously D-C- mair-vcau'iOT 
lie connected to a transformer- arid equally obviously D.U maxcu 
can be rn.mected direct to the Ibgh tension circuit, prov.Hs-d the 
valves are chosen to suit the vn[ca K e avaLUble. i hu voltage will be 


RttKT t&ufv tfJvsomrT 
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too high for supplying ihe lew tension voltage direct, hut if all the 
valve ftLimciiu axe connected up m ufits t together with a suitable 
dropping resistance, this complete heater chain ran be connected 
directly to ihe supply, with alL the Individual heater voltages correct, 
Thifl wdes dtain may also include dial lamp*, etc, The same chain 
will ppenLc equally well connected to A.C, mains direct. 

To use A.C. muna for the direct voltage IE-T. supply a single 
diode may lx used for half-wave rectification, Allowed by a filter 
circuit, *5 with rite A.C, ijwutu power circuit, thr complete circuit 
being strnwn in Fifl. BB. Connected to D.C. supply, cnrrttil wiLl still 
dow through l!m: li'.uji, tension circuit since the diode will just as 
readily conduct D.C., provided the f/aiiliot of the inpply is itoutiecrcd 
tu nuxk of the diode rectifier. In other wards, D.C, -mains supply 
must be connected up the right way irnitid fot ihe set tn have any 
fuUlL-ieDsion supply- 

























APPEKCHS VIII 


VOLUME CONTROLS 

"E>ie volume rapiTuI in, any iiwrLuxl receiver fi nudking mare than 
a voidable rniEtnr (tailed a p(rtenEi*meter} p inserted in an appro¬ 
priate part of the tiitLiii—normally following the deLector stage, 

If, fur example, the Lktecior load resistor is replied, widi a polerv 
ttameter (Fig- 3g), ihe actual imontlt uf audio frequency output 



from the detector is variable from zero lo nuudiiLum, nrconling to 
tlwe Kiting gf eIh: moving coalut on tfor potmJUQincter. Thai the 
r:,h : w of the potentiometer used would appunutuaie to the normal 
value of the drLector load n-uitancc u5od, A limitation with tb.b 
type of coaUuJ is that it tends to produce detection at low volume 
scLditga. 

Ail alternative ulidxm w to replace the grid Irak of the hist stage 
amplifier by a putentiomeirr, as in l r ig. fijj, thus providing control 
uver the audin frequency applied to die grid of Lhe triode, rids will 
be equally r flee live in controlling volume, but again Fubject to 
distortion. 

In some casta, wherr the volume control potentiometer u uied 
Ln place of Lhc gild Leak rrauitor an additlorud resistance may he 
included inieria with 1 hr patentMineter (i-e. connected between the 
bottom end of die potentiometer smd the common earth ai in l‘ig, 
go), so that tike range of volume contmi ii restricted- TIiub, if the 


VQtlFHi COHTXOLI IJ3 

volume lur’Liid to die rainimirm penitiun. [volume "ofF")., effective 
jrjd teal nsisiance is still maintained by die additional fixed 
rff isLnr end tlic VOllUve U not reduced tu LtrO. Tliis also, to tr-rre 
extent, mfFiet:. due distortion effects previously mentioned. 



In die case of traniitnr receivers a rattier better fnrm «f volume 
amiinl Is produced by putting dit variable resistor in series with the 
tlow isf Line circuit* immediately after die first audio frequency stage 
•.set Fig- 91}- This ititrodurra minimum distortion over dir. range 



of adjustment. A suitable value fur tliis potendnTneiHr would be -5 
megohms. It is simply inserted before the final wnpIifrcaLiou stage— 
secFlg. 35. 

It slkOLild perhapi he rnnaliuntd that on Hrimralsc UcCttiVCrs Itif 
volume cantTol often also provides an on-off switching action, i.e, 
rotating the yohm-ir: c-onlrul IS lar li LC will go Lm one s-idr (antic lock - 
wise) switch^ die set ofF This switching Action is quite independent 
of the poteniicmseicr side of the component and is r in fact, a separate 
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■witch included in the cnmpnnienL far ejcim'diienee (and to TDirumke 
tli* number of control boohs used).. 

On simple receivers of the type described, a volume control u an 
imnfi rKur y elaboration nnira xuod, strong signals are obtained, 
when it may be highly desirable tu be abic to reduce the volume to 
prevent swamping the phone*. It k oil L us true live extra to apply to 
anv- simple receiver, however if nidy Lu dtinirtisuate the simple 
woriimf principle involved. 


APPENDIX IK 


TONE CONTROL 

Till tone cnnlrul oqi a receiver eonlioli the quality or Lnne of the 
final sound. However, the output voltage alter anvplsticatinn will 
only be a faithful reproduction oF the- original input if the amplifier 
gives llie same gain fnr all liguals, wliatevcr their frequency and 
eomplejtity. This it seldom the case with, simple circuitry, bo 1 hat 
the balance of ihe original innnrl tsr speech is upset and distortion b 
produced. If the gain is inadequate at low Frequencies.! the sound 
reproduced will tend to be tinny ar li&ish. Conversely, if the gain is 
inadequate at tlLe higher tt^n cia diCsutiud is subject to booming. 

An adequate measure of tone control can Ihe i calked by connecting 
a viuiaLIc resistance (potentiometer) arid fixed capacitor in series 
:iun isl the primary terminals on the output transformer, as in Fig. 5 j. 



This, Ln eJTect, forma another tuned circuit, the rod mint Frequency 
□Fwhich can be aLteicd by adjusting the setting nf the potenuometeT 
to favour or bring up tlie treble nr 1ms* in the output signal by, 
effectively, additional amplification-. The time nmirul on a domestic 
iccrivcr is usually of this farm—the fcnnb cnntruUiiig a jMfcntiometor 
connected in scries with a fitted capacitor mzrosa die «rtpul trams- 
former. Typical values used are; 

Totentiometcr, 0-10 fciLubms 
Pined capacitor, ■ i microfarads 

tS8 
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Tcmt comto] iv<ni!d, or course, normally be uwd only with * 
loudspeaker output, 

Other methods of Imparting tone control CXklt, another ItanrliinJ 
method with valve rireuici being to apply negative feedback Irani 
[he lands p*ah-£J aide of die output iranifuittier. 


Ai> t-SKDii i 


RECEIVER FAULTS 

Fa.il.ij ft. of a newly completed resolver to work lj more SikcSy fc> he 
"circuit" fault than ,i component fwli—caused either by a faulty 
connection or a prior soldered joint, nr even hy a mtspbieed ™> 
poueat. It La surprisingly easy, for ettam-ple, to ndatesd resistor value* 
(rum their colour rndc and Ln ranjerproce a.rtcdiJiMiia]iy insert n 
totally wrong vnl ue into a certain part of ihn eircuiL It is equally 
cjuy tn complete spring up incorrectly eo th.ii the final job no 
longer follows the design circuit. It cannot hi" emphasised too 
strongly that a complete circuit should be dicci**] through and, 
partirnlarly with bxmisfor rimiLty, battery polarity confirmed aa 
correct before eojinecthg lip and switching on for the fine time. 

Simple, dnruits also have distinct pn-JIjifirtiLMLce liinifciifoni which 
are sometim,-: miimterpretcd as ‘■'fandi.i." Thus a very low Listening 
level may nnt he a fault at nil —merely a limitation of the rlrtuit 
design emphaisro;! hy die fact that the receiver Is bring operated 
in a poor area for reception. There in, in fact, Liide dust e-m he dnem 
ut such circuTnsiajicra other than try another circuit with hrttcr 
perforauusoe. Thu* the basic crystal diode rcs-river, for example, 
k ian ytry poor efficiency as a detector sP low signal Levels and no 
ammirlt uf subsequent amplification can nvrrrcume llltl inherent 
Limitation, On mnrr advanced circuit!, however, conudcrahtr 
improvement can often he realised by paying pariiLular attention 
to developing iUl efficient aerial circuit and, if nrccrsarV'i Uling an 
external atrial. 

(Vended a receiver prrlnrms satisfactorily initially, many wft- 
«squ r:it J 'taulu n whi-'h may develop are often this result tiF a -weak 
battery. Typical symptoms In such cases are (il fading of receiver 
volnnifi after bring switched on for a stiort period, and (ift dijf OTtiwi- 
ftoih types uf fault may also lie caused by lark nf aiaLulity in the 
rwdvisr circuit (in which c«w 11 can. be "cured" hy re. tuning;; and 
by the u dlrlfL n of certain bmadccui sigtifils under pertain condition! 
—e-g, Radio Luxembourg IwLng notorious in thii icsficct. 

The condition of receiver haLtcdcs can only he rhe-eked accural rly 
yiuier lead. That is io say, a vnliagc meainrernmt ibuidd tw made 
■with die ict switched on and updating, n>r i-imJuux reading will 
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nrirmaiLy be lower than foe “open drtuii” voltage of the battery, 
mr-aiimed with line battery dbconitertcd and foe ™1 trustee con¬ 
nected dlreetk across the battery termmili. In the case nr dry 
battcrlti, iin “open circuit" vtalLige of [-5 ft* cell is typical (higher 
on new hattcries). Once the "W load" voltage haa dropped to t-* 
TO ]{? per cell the batL«y is approaching a run-down stage; and by 
1-1 ’l ulls per ceil ran be recknned. as uselew few further work. How- 
■ever, ihe same battery' tnay still show i-g volts per cell toted on 
"open rinsulL" 

AH standard dry baLtcries are made up from I clla With an indivi¬ 
dual voltage of i-g volts each—fous a 4'5-volt battery oorrtpriscs 
dirte i-g volt edit; a fi-vnltdry battery four 1-5 volt cells, and » 
nn. Thua the number of cells follctm by dividing die nominal 
battery voltage by 1-5. The corresponding “end voltage!" tested mi 
Jnprl fora follow* by multiplying Lhe number of cel I* by i'i- by foe 
time this end voltage is reached! actual on load voltage will tend to- 
ii]| off rapidly with further use “im lead,' 1 

Thr life of a dry battery Is dependent on the current drawn by itw 
reedveT aud the battery capacity, die latter being more or less 
directly propariiopnl ten the physic*! ike of foe ra--i- Small receive n 
arc generally used with "mall batteries, die pen cell die being parti- 
cuLuly popular and inrapuufre, although having a burly l&w 

' " l A considerable improvement in battery performance is mafe *3 
with the nuvng^ruae-alkaluie type uf dry cell, often referred to as 
an “allaline battery" or a “high energy" ctU. Ah hough cwtmg 
roughly twice as much as an. ordinary dry battery of the same uic 
and voltage, life e*|>cclancy can be up to five times as 3 utii{. Such 
batteries, too. lend tu maintain a higher "on hxid ' voltage for much 
longer periods. They at thoroughly Lo be rBcmiunendcd for general 
triiDsistcir radio uk 3j tJkcy invariably prove wore ecQMPiical Ln * ^ 
long Tun and also am Ice likely to give "battery troubles," They are, 
however, only avalUhle in a limited [Lumber «f cell types (sizes), 
aa yet. Thus a battery 1 if suitable voltage may have to be made up 
aa a ,L [w.lt” of [mthndwd cells fitted info a su liable battery bn*, or 
with soldered connections foe scries cnmieedon. 

An altemadve battery type worth amideiing by for serious 
oithusHPi b die DEACnfoksUadnunm battery. This is a secondary 
lC IL, that k to say, it is rechargeable, vfoieh is completely Healed and 
has excellent "constant voltage” oiPpuL on load- Each «U h j v^s 
only 1^ vnlta, however,. and thus a tj-volt battery would comprise 
live cells cmuiected Ln »erics. 

DliAC* are produced hush as single cells and made-up baitmea 
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from iU te> 7-J volts {and higher voltagm, if required). The two 
main cells ska are foe 235 with a oaparity uf 0 25 ampere hmirf 
ami the 500 with a rapacity of 0-5 ampere bourn. mw * 01 

made-up haueries in force «U E iumiP.™d m the Table- 

TABLE: DEAC BATTERY SIZES 


Nos ClF Celea 

1 

a 

3 

4 

5 

G 

VOLTSCI 

t'3 

a-4 

S ' 6 

48 

6 d 

j-a 


Dla- (stu) 

i 

1 

I 

1 

t 

i 

3*S 

Length (Ln.) 


-y* 

t r i 

>■43 

J-0 

315 

type 

Weigh' (<*£-} 

■s 

t 

'■fi 

8 

»5 

3 


Dla. (in-1 


i-35 

1-35 

i J 35 

i-35 

1 35 

SPf 

Length (jmj 

■3& 

'75 


i J 4 

■D 

2-3 

type 

Weight fm.) 

1 

a 

i 

4 

5 

b 


JJy eemmariRPi with dry batteries, DEACs are very rapenslve. 
They d<i, however, have an indefinite lift bj they ran be ^charged 
and used over nnd over again. Like any accumulator, and are 
virtu a I lv LndestrttetdJe. Each ceH if al^ completely seated » that 
dierc ia ns corre^ve electrolyte to jtet spilt, nor any a*™*)' LlJ 
up aa with Ji normal nccumulatra-. To for initial cost cl the b:urety 
[□nil also be added Ihe cosl of a suitable charger for redoing 
frnm normal iitains supply at a D-C- current of apprn^iiiately ^fo 
nf die cell capacity—e.g. 125 mifo*mpa in foe case nf die ^5 siae 
cell: and wgn milliamps Lo foe case or foe ake cdl- 

The Mnllory-mennuy k another type nf >eakd _«IJ idn■ uscdl 
with inunaticpe transiatnr xtceivm atid Eimilar dcviras- .'Uthough 
iimiLar in appramnee In A DEAC (but usually much dm 

mercury cell is a primary battery W fous ranimt be rrdiatged- Lu 
main attraction b that k gives * reliable and constant VDliagL- 
m very small makin K It posaihle to prxxluce a tully "ell- 

coiuained trmkttd- receiver circuit in a total volume of foe same 
order ju foat of the same voltage BfffJrrr done in sLandard dry cetla 


—euE- ace Chapter IX* 

In foe cate of hudi DEAC* and Maltary-nraenry cella foe «n 
load" vulsace remflitis substaniLally rcmite.in right up tn die print 
where dm edl is aluiost fully discharged and thus a voln»i!ur chcdc 
a of little value fotlter than tu confirm dial for battery u ttill n(.t 
completdv dbcWad). Th* final Hn>p in voltage wi I Be quite 
nirldec when the cell or Iratttry' appmachn the final discharge 
point and the «it will go "dead" rather foan rabiHt opsuF m ftdiog: 
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Component [nulls should not be curamnp, provided the circuit 
ij y^ixri correctly mid eomponenti h^ve not bncn damaged in 
EoldcrinR up. This applies particularly in the «« of printed circuit 
BHrmhlUrs (tee Chapter X). Aji eiemrntaty mnhnd of iaofrting a 
component fruit ii to pifiiu« ud note the volugi rending on the 
origin al wwlirm circuit at each stage, taking a rending tcrou the 
emitter red star uf each transistor in turn. If a fault pjb»*|u*nlly 
develop’, thr respective emitter naliior voltages are agnm checked. 
Any variation on die original figure* outside about 30 per cent will 
then indicate a fruit at that particular stage. From there it is a 
relatively ttraightfcrward matter to chock each of the component* 
invuLvcd—e.g, by replacing them in turn. 

Transistor faulti arc relatively itncommein, provided the original 
cirruit design is sound- The most common fruit* likely to occur btg; 

(i) Hdt damage to the traotiator during assembly—which in 
extreme rj±irf will mean that the u-ausistor will not wurk at alJ and 
the riiruii i* dead. IF die tnnsisLur has been damaged rather tltatt de¬ 
stroyed , ibis fruit. wLIJ show up a* a very noisy transistor nr lack of gain, 
or bath.The same frulu will al«u show up IF die original transistor char¬ 
acteristic! are poor, c.g. the transistor lias a high leakage mirrcui. 

{it) Junction npr^v-dreulted. Thi* can l* caused by a heavy 
□verliafljd in the circuit. In Ibis case the traiuiitor is permanently 
dusciaged and will n.i-L work at alL 

niij Junction jhori-circuited. This can In: caused by a redd™ 
voltage iurga in the dpruit. Again the transistor si penraneudy 
damaged and uielcu. This type of damage can be caused by "Vnrk- 
ing’ r nn die circuit with die battery iwrtobcd on—e.g. removing 
or replacing components with the circuit “live," 

Thr ehne-hotUHired method of "’fruit finding" with valve-type 
receive by “tapping” a spare capacitor acmis circuit capacitors 
as n c-hrek «n their working ora be harmful in rise case of trmnitor 
circuit*. Under midi treatment, transistors can u hlnw" like fuses 1 
Excessive background noise, or lack of gain i n amplifier staff* 
can often be im pr ove d by replacing cite tmrivirtor(i) cuJicerneri 
TrMHSrtor*— particularly those olTercd at low pricui a* “surplus" 

stock_can be very variable in characteristics ml whilst all may 

"work’* in a panJcLiiar circuit, mdse will give a mtrrh hcLtce overall 
performance riven. others. 

In searching fur faults or cnu*r* oF poor performance, do not 
overlook the obvious, Poor soldering ia n. very common fruit nn 
amateur rndiu cnnsErticilon and any joint which looks 1 ‘dry 1 ' ii suspect. 
Ss tiilactpry pcrlonstiirice is p* much dependent on rise ■' 11 iccEiajaic*'' of 
jMunb ty n* nn the electronic prriurtnance of pnpipaneals,, in fart. 


GLOSSARY-INDEX 


Atlrtmatumi: kc p, W fcr standard abbrevui tions. 

. 4 ,( 7 ..- aitertitiug current—a current which periodically varies in 
direction and iuagnit ude. 

A-F 07 i-F-: audio frequency—a wave frequency conristrnt with 
sound waves that can be heard by the human car—pp, 13-14, 

.IffJItWfcr; an ■imtmmrril F:kt measuring dccTrical currral in auip*r«S 
(amp?) (noiei a miLOassLaseLer measures current In mllliampa 

—p- »*■) 

Aimdr: prmiiv* eke Erode of a valve (p- 57) fir dsc conductor through 
which an electric current nnten a liquid ut y:a3. 

Aula^rdKifitmtt . i a transfrimer wills a alngk winding lapped al 
ouc or more poinls—’p- 65, 

ffateiy? a single roil ur iuscmbiy of cells of ipedfird voitagt 

flar bar.' a condijctor which is iiarti a-t a common connectinn for 
vaciuui electrical componrnLi nr riiCLiila—p- 3a. 

CajDiwikir: an rler.trical component designed to carry a charge of 
electricity (also originally called rt “oondraucr," aldjuugh 
the modern d^cripbuti la "capacitor'' 1 }— p, vri, 

Ckllnk,- the ueifiiive elortrode of a valve (p. 33) nr the conductor 
iltruugh which an electric •caimnt Leave* a liquid or gas. 

Cell: a lingie batiery uniL Thus a battery may for composed of a 
number nf individuu] cclfo, usually connected m striia, A 
unu.k dry ml I luu a Uuimitid voltage output of 1-^, Thua a 
4,5 volt ba tte ry would be composed of 3 individual eell* 
connectwl in scrim; a 5. volt battery ft indh-idual edl* 
connectesil in *=ri=; a»d *ci on, 

C&aJtr.' a coil having a "teartanet' 1 " or resistance to Bltemnliran 
ciirrent flow. Note; rei»rtanc:e m A.G. would be higher chan 
ib tnisia!K 4 value—p, 73, 

CurrrPi she flow uf electricity normally mraauml lcl amps, or 
irulllaxnpi—p. 22 . 
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D.C. : nhtacvimiiMi fer direct CLm-cnt. 

DUUfirir: an insulating material (hr. one diat dtw» n&t conduct 
ekctricity )—vx p- 33 - 

Dry 1 * 11 : atantW type nf“dry' battery ceU, Lt one wfdch employ* 
iKe dectmlylr in the ' 'dry" state, as opposed to m **u«»- 
lator where' the electrolyte is in hqmd farm. 

Eaik: the psnertl mas* of the MI* whidi b considered as nti 
riectrical conductor. 

Earth ntvut a circuit completed ihpnUfb connection to earth; or to 
grime conductive nuns which has die same effect u a ctmvmon 

11 earth. 11 

^omeetton to earth of a suitable equivalent Ll cpnhed H 
conductor. 

a eductor through. which dcctrklty p*a« into a Liquid 

or gas- 

Eltftraljftk amdinur: p, 32, 

E.Af.F-: electromotive finer i^jianEihle &>r a flow of decliiciiy. 

Farad; practical unit of mcasurEittent of capadtauee p. a u 

Fuqii**}: the number huF complete cycles of diange per second of an 
alicmatiiifi qonntLty tw p. >3- 

GriJ: euiflUTjl Element in a valve—p. 37 - 

CruunJ.- another name f it “earth 

Hemy: practical unit pT inductance — p. S2. 

juMtaa; effective resistant to A.C. flow, greainr than purr resist, 
anec hy virtue of additfcsal m«M» developed—p, 74, 

hdmtMX*: tot e.m.f- produ«4 in an electrical dreuil try a change 
qf magnrtic (lux—p. >5- 

IhnlalHi.- materials ur covering used to boWtc iskcuLca) c^dueton 
frum uunt.trL with other conducton, etc, 

Jrutilator: a lilting Or device made f™n insulating maternal. 

Aaitafr: sometime med i" pl*« ° r ** UH “ I 
tpdling. 

A'lFa-,' i.ooo, e,g, Idiocyde - i.OOQ eydev-p. 22. 


ncciasA r v-imdex I43 

L&\t' tmrmi.' low supply vnltagt:, usually Lalsn as ref err in r to the 
ti Ili:im;llL 01 heater supply uf valVE circuiLi. 

jUihh.' usually refexriiiR to th« jiljjjci rfretrieity supply. 

M^ohm: emit uf resistance equal so 1,000,000 oluais— p. 22, 

Mtttr: trrrn used primarily tu describe a measuring instrument, 
c-g, ammeter, Vdltmetfr, rLc. 

one millionth—p. 22, 

\fil: unit of lengdi equal of one t hiHn a nrith of an Inch. 

Alillt-; one thousandth—p. 11. 

mbit; a cable containing three sir more insulated cores, 
(also applkd tr> aotde r r muEticorc solder <oji raining iuown/Etf). 

,1/phud induction; thr induction of an e.m.f. in pm circuit (eatled 
the secondary) by a change efflux In nsmtlLcr dicuii (caLled 
die primary 1—p, 67. 

jVigatr™: die termimil al wlikh the current rettirns ite the supply, of 
leaves the component of conductor. 

Ohm: itamlard practical unit of electrical resistance— p. 31, 

■CtflmV /oep: states that Ln elc4trie*] circuit the D.C. cuTrent fluw 
j, rf- nfll [o [he applied voluigc divided by (he (o-lal rrsistaiire. 

Usdttatijn: see p. ffij H itq. 

FawtUt eauuetwn: componenti nmnectcd so tltat the current divides 
LeLwcen rii mi ; or hntierirj connected witli tcrmLnaSt of lilse 
polarity joined togeLhcr— p. Hi. 

Ehart * applied to an al 1 tnu linp^ ipian 1! Ly is the fraction of (hr p<ritHJ 
wliich hn= clapwd sm^e the prEcediiig ^ero value when tlie 
quantify was increwsinfr, imrally mr;uuiet] in degrees—p, 

PfAmbiS Biprwt: PjDe-is the saraE in the voltage between two 
points in a circuit. 

prorticaE miii 0/lUtiriniy—p, Si. 

die magnifioniinn piTidured in a rcxunaiit circuit—p, [ r^- 

flt fltjiihfF ; (hr vol larr cirrip prmluced Lu ail A.C, circuit. 

RnlrSfr: a rjrvire fur chanpiuR dtertUlting current into unidirec¬ 
tional or D.C. Current—p. 17 . 
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jtuiri^: H m^ura indttiriE cun^nt 

ty practical ocnd/uctOf\ etc, 

ft .iiiuhut' J a itacc In which the n^Lufol frequency nf an « 

iptem 11 to ^ ft®! 11 ™ 1 ? tn q™ba re-n-tung « 

influencing iit —P- 

ceiduEl A.C- component ^ notified *™* 

jtifjply-j or jimi-hu—p. 

M ™np™n HI Circuits f* aeefcd wl £.^ 

current flawing iLioiiifh them all, « ™lb jnm^ with 
nlteriUlle cuHEWrtkllU [tep:aUVr'p£*itiVT!, c LLj 

Shtrl tin# j,- two point! rf ML electrical circuit joined b i a conductor 
of ineligible resistance. 

Sh*t: a ^JPtad ^ P*tuL\A vrith another or 

across llti instrumpnc. 

Tufi t basmt^Ete conned point on * ccU. *t-p. 

TrOTi/fcnWI' pp. 43i |a ®' *1V 

t m faiit: tl* ratio of the number of turns in dre primary and 
HtonchLry wimiitig* hi a tratiafonnrr—p. i 

Umiu: p, a S- 

VuHi practical unit of potent difference or kjb.1^. at- 



















Design 

and Construction of 
Transistor Snprrhcts 

tf ft, II, WARRING 

I jjr •u|ir:ln-: ["eeelner i'litre hint ulvui- 
L»,_. !h I l -r ’n.r, uf |lrlfn.rilllflC£ CiYEr I'lltbrh 
I"Y| rri j: ill II .!I< Ii rx-I i In', i ll >| n- : II ■ H llh Ef jr.i>- 
tor t lrvuHrr eiHtkr iriLirriir i nr^tiui rft.ii ui 

■ttr»ct|-*i.- |iri.i|H ihipLiin. Lji.hiiI rlri. tEjilllL 

tJnltn allieil to prlntnl , iftidl anrunkly i*n 

miuL in ■ ttmifij' I, high!? rffn "’»l si. |n-rln-t 
pocket- »iw r il rr-iplr-fd—Rrlnjj |m.i|I| M i 
traction, of the cut! -til: -t nimpral<li re-' It- 
inaiic dirnitsuc rtccE»Tr, ml al 3 pitnr-fii 
problems tin hr. dbnarutrrT or at nt 
Aunmi/ril, Lh luitilibr se in-lion ufc ™tn- 
[jirfienu. 

t.’ii-r itcacrtlilng 1 hi- principlci ol jup'.'Hi'.'i; 
u|:tjj.iii:4i in practical language this twic-Jc 
dull Yrith the ciMutructlcai ■ >1 typical, proven 
dnljfni. No previous kmiiu, It..lur hi! radio is 
jumlltawl, and tvf.it cueh Italic i-ri. it. rti ;inr- 
iii i-iiTs i- ■ i|drl Jug Ur t'llll'i Jcrcrit'l-il. 
$?!>*«» iii'ha a nr uI-hi lit lutEil in the 
ii Likli-.,; nl |--i lllEril ilUUll l.i uidl, III I tllf 
I.vlini; J— r nl lEifiini-in Ell ,u|U-i forti lluiiiJ 
clemcrtlJi-Y iqiiijinivlti, 

Irunitiqllt lli i« I" -■ tKwfc Intrudti! lur 
amateur raiiin rnlhiiMtiii f-ki want tu nub 
thrir cn»Ti miwTlwl*, rallivf than |utt read 
aliiKit iIutm, »I though le d<n i i-mCilin a v. ■-I ■; i 
i>f Infunnitfan-nti raperlii-t ■'>- i:;i.. ri i Tbit 
tent it 1 1 ,vii- 1 1 nn llif latest 4talhlilr diu. 
ini:liiddn.g the use ai trmufillm In pin e nf 
tlir cixivenldcaial trail lEarntm, 

ii'lii^mr.', 1 , 17j'fr rm 


H. U i* 


frioml In 1.11:1 £0,01 n 
















THE BROMPTON LIBRARY 


Instructions to Young . . . 

Anglers by Michael Shephard 

Artists by John F. Mills (15s.) 

Astronomers by H. P. Wilkins 

Athletes by Robert Bateman 

Ballroom Dancers by Alex Moore 

Botanists by C. L. Duddington (15s.) 

Boxers by Bobby Neill 

Chess Players by H. Golombek 

Collectors by Guy Williams 

Cooks by Elizabeth Craig (15s.) 

Cricketers by T. Graveney and B. Statham 

(15s.) 

Fencers by Gillian Sheen 
Footballers by Tom Finney 
Geologists by D. H. Dalby (15s.) 

Golfers by David Thomas 
Hockey Players by Eric Green 
Model-makers by Guy Williams 
Naturalists I Amphibians and Pond Dwellers 
by Maxwell Knight 
Naturalists III Mammals 
by Brian Vesey-Fitzgerald 
Naturalists IV Fossils 
by W. E. Swinton 
Ornithologists I Bird Biology 

by J. D. Macdonald (15s.) 

Ornithologists II Bird Behaviour 
by Derek Goodwin 
Ornithologists III Bird Migration 
by Robert Spencer 
Ornithologists IV Sea-Birds 

by Mary E. Gillham (1 5s.) 

Ornithologists V Birds*Nests and Eggs 
by C. J. O Harrison (15s.) 


Ornithologists VI Domestic Birds 

by Derek Goodwin (15s.) 

Photographers by Houston Rogers 
Radio Constructors by R. H. Warring 

(15s.) 

Ramblers by Ronald Clark 
Rugger Players by Cedric Venables 
Skaters by Erik van der Weyden 
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